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COMPAQ DESKPRO 386/25 
Personal Computer 


ONE-YEAR LIMITED WARRANTY 


Definitions 


This one-year limited Warranty applies to all models of the COMPAQ DESKPRO 386/25 
Personal Computer. During the one-year period of this Warranty, it also covers any 
optional or accessory product(s) manufactured or sold by Compaq Computer 
Corporation (‘Compaq’) and installed by an Authorized COMPAQ Computer Dealer or an 
Authorized COMPAQ Warranty Service Provider, in a COMPAQ DESKPRO 386/25 Personal 
Computer. The COMPAQ DESKPRO 386/25 Personal Computer and the covered optional or 
accessory products are the ‘COMPAQ products. referred to in this Warranty. This 
one-year limited Warranty, however, does not apply to the COMPAQ Dual-Mode Monitor, 
or to any other optional or accessory product not internally installed in the 
COMPAQ DESKPRO 386/25 Personal Computer. 


You are the “Purchaser if you are the original purchaser of the COMPAQ Product 
from either Compaq or an Authorized COMPAQ Computer Dealer. This Warranty only 
applies to original Purchasers, and is not transferable to anyone who purchases the 
COMPAQ product from you. 


The “Date of Purchase’ is the date you originally purchased the COMPAQ Product, and 
is shown on the original Authorized COMPAQ Computer Dealer or Compag proof of 
purchase. Your sales receipt, showing the Date of Purchase, the COMPAQ product(s) 
purchased, and the name of the Authorized COMPAQ Computer Dealer that sold you the 
COMPAQ product(s), serves as your proof of the Date of Purchase. 
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Warranty 


Compaq warrants to you, the Purchaser, that the COMPAQ DESKPRO 386/25 Personal 
Computer you have purchased from an Authorized COMPAQ Computer Dealer or from 
Compaq is free from defects in materials and workmanship for a period of one year 
from the Date of Purchase. 


Compaq further warrants to you, the Purchaser, that any optional or accessory 
products manufactured or sold by Compag, which you purchase on or after the Date of 
Purchase of the COMPAQ DESKPRO 386/25 Personal Computer, covered by this limited 
warranty, and which are installed in that COMPAQ DESKPRO 386/25 Personal Computer 
by an Authorized COMPAQ Personal Computer Dealer or an Authorized COMPAQ Warranty 
service Provider, are free from defects in materials and workmanship for a period 
of one year from the Date of Purchase of the COMPAQ DESKPRO 386/25 Personal 
Computer in which such COMPAQ product(s) are installed. If the optional or 
accessory products are purchased for installation in the COMPAQ DESKPRO 386/25 
Personal Computer less than ninety (90) days prior to the expiration of the 
one-year limited warranty applicable to the COMPAQ DESKPRO 386/25 Personal 
Computer, then the optional or accessory products are covered by the ninety-day 
(90-day) limited warranties accompanying such products. 


This further warranty does not apply to any optional or accessory products which 
have been previously installed in any COMPAQ or other computer prior to their 
installation in the COMPAQ DESKPRO 386/25 Personal Computer covered by this 
limited warranty. 


This further warranty also does not apply to the COMPAQ Dual-Mode Monitor or to any 
other optional or accessory product used in connection with, but not installed in, 
the COMPAQ DESKPRO 386/25 Personal Computer covered by this limited Warranty. 
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Remedies 


During the Term of this Warranty, at no additional charge to the Purchaser, Compag 
will repair or replace any defective parts of the COMPAQ DESKPRO 386/25 Personal 
Computer purchased under this limited Warranty, or of the optional or accessory 
products covered by this limited Warranty, with new, or, at the option of Compaq, 
refurbished parts. To obtain this repair or replacement service, the Purchaser 
must return the COMPAQ product to an Authorized COMPAQ Computer Dealer or Compaq. 
The Purchaser also may return the COMPAQ product to a participating Authorized 
COMPAQ Computer Warranty Service Provider, at the Service Provider s option. 

The Purchaser must prepay any shipping charges. In addition, the Purchaser jis 
responsible for insuring any product so returned and assumes the risk of loss 
during shipping. All parts and products replaced under this Warranty become the 
property of Compaq. 


Warranty Claim 
Requirements 


To claim service pursuant to this Warranty you, the Purchaser, must: 


1. Provide any Authorized COMPAQ Computer Dealer, Compaq, or a participating 
Authorized COMPAQ Computer Warranty Service Provider with proof of the Date of 
Purchase from an Authorized COMPAQ Computer Dealer or Compaq. 


2. Return the COMPAQ product to an Authorized COMPAQ Computer Dealer, Compaq, or at 
the Service Provider's option, a participating Authorized COMPAQ Computer 
Warranty Service Provider. The Purchaser must prepay any shipping charges. 

In addition, the Purchaser is responsible for insuring any product shipped for 
return, because under this Warranty the Purchaser assumes the risk of loss 
during shipment. 


3. The Purchaser may request information on how to obtain Warranty service by 
contacting any Authorized COMPAQ Computer Dealer. You may call 1-800-231-0900, 
toll-free, from anywhere in the 48 contiguous United States, Alaska, and Hawaii 
for the location of the Authorized COMPAQ Computer Dealer nearest you; or 


4. The Purchaser may also request information on how to obtain Warranty service by 
writing to the Customer Relations Department at Compaq Computer Corporation, 
P.O. Box 692000, Houston, Texas 77269-2000. 
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Disclaimers 


THIS LIMITED WARRANTY DOES NOT EXTEND TO ANY PRODUCTS NOT PURCHASED FROM COMPAQ OR 
AN AUTHORIZED COMPAQ COMPUTER DEALER. THIS LIMITED WARRANTY ALSO DOES NOT EXTEND 
TO ANY PRODUCTS WHICH HAVE BEEN DAMAGED OR RENDERED DEFECTIVE (a) AS A RESULT OF 
ACCIDENT, MISUSE, ABUSE; (b) BY THE USE OF PARTS NOT MANUFACTURED OR SOLD BY 
COMPAQ; (c) BY MODIFICATION, OR (d) AS A RESULT OF SERVICE OR MODIFICATION BY 
ANYONE OTHER THAN COMPAQ, AN AUTHORIZED COMPAQ COMPUTER DEALER, OR AN AUTHORIZED 
COMPAQ COMPUTER WARRANTY SERVICE PROVIDER. 


EXCEPT AS EXPRESSLY SET FORTH ABOVE, COMPAQ MAKES NO OTHER WARRANTIES, EXPRESS OR 
IMPLIED, INCLUDING, BUT NOT LIMITED TO, ANY IMPLIED WARRANTIES OF MERCHANTABILITY 
AND FITNESS FOR A PARTICULAR PURPOSE, AND COMPAQ EXPRESSLY DISCLAIMS ALL WARRANTIES 
NOT STATED HEREIN. IN THE EVENT THE PRODUCT IS NOT FREE FROM DEFECTS AS WARRANTED 
ABOVE, YOUR SOLE REMEDY AS THE PURCHASER SHALL BE REPAIR OR REPLACEMENT AS PROVIDED 
ABOVE. UNDER NO CIRCUMSTANCES WILL COMPAQ BE LIABLE TO THE PURCHASER, OR TO ANY 
USER, FOR ANY DAMAGES, INCLUDING ANY INCIDENTAL OR CONSEQUENTIAL DAMAGES, EXPENSES, 
LOST PROFITS, LOST SAVINGS, OR OTHER DAMAGES ARISING OUT OF THE USE OF OR INABILITY 
TO USE THE COMPAQ PRODUCT. 





ANY IMPLIED WARRANTIES ARE LIMITED TO THE TERMS OF THIS EXPRESS LIMITED WARRANTY. 


SOME STATES DO NOT ALLOW THE EXCLUSION OR LIMITATION OF INCIDENTAL OR CONSEQUENTIAL 
DAMAGES FOR CONSUMER PRODUCTS, AND SOME STATES DO NOT ALLOW LIMITATIONS ON HOW LONG 
AN IMPLIED WARRANTY LASTS, SO THE ABOVE LIMITATIONS OR EXCLUSIONS MAY NOT APPLY 

TO YOU. 


THIS WARRANTY GIVES YOU SPECIFIC LEGAL RIGHTS, AND YOU MAY ALSO HAVE OTHER RIGHTS 
WHICH VARY FROM STATE TO STATE. 


ee eel 


COMPAQ DESKPRO 386/25 Personal Computer 


Technical Reference Guide ix 





PREFACE 


This guide provides hardware and firmware (ROM) information on the COMPAQ 
DESKPRO 386/25 Personal Computer for: 


= Developers who want to know more about the hardware in their system and general 
theories about how the system works 


= Engineers or technicians who need technical information to design accessories 
for the system 


= Programmers who need to know about the hardware (programmable devices) and 
firmware for programming purposes 


= Individuals or companies who want to know how the COMPAQ DESKPRO 386/25 Personal 
Computer operates and how to access its many features 


This document assumes an understanding of the Intel 80386 microprocessor and of 
personal computers based on that microprocessor. 


This guide supplements, but does not replace the following Intel publications: 


=» The Lotus /Intel /Microsoft Expanded Memory Specification, Version 3.2 
(part no. 300275) 


=» Introduction to the 80386 (part no. 231252) 


= 80386 High-Performance Microprocessor with Integrated Memory Management 
(Data Sheet) (part no. 231630) 


= 80386 Programmer's Reference Manual (part no. 230985) 

= 80386 System Software Writer's Guide (part no. 213499) 

= 80386 Hardware Reference Manual (part no. 231732) 

= 80387 Programmer's Reference Manual (part no. 231917) 

= 82385 High-Performance 32-Bit Cache Controller (part no. 290143) 
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For more information about these Intel] publications, write or call: 


Intel Literature Sales 
P.O. Box 58130 
Santa Clara, CA 95052-8130 
Telephone: 800-548-4725 
Source: CQ 


These documents apply only to Intel Corporation manufactured parts and parts from 
Intel licensees. 


This guide also supplements, but does not replace the following 
Weitek publications: 


= WIL 316/7 Data Sheet 
= WIL 1167 Programmer's Reference Manual (part no. 4780-1167-01) 


For prices and additional information about these Weitek publications, write 
or call: 





Weitek Literature Sales 


Weitek Corporation 
1060 E. Arques Avenue 
Sunnyvale, Ca. 94086 

Telephone: 800-553-1167 
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Y ABOUT THIS GUIDE 


Chapter 1 introduces the COMPAQ DESKPRO 386/25 Personal Computer and describes its 
features, components, options, and specifications. 


Chapter 2 describes the system board. 
Chapter 3 describes the physical memory subsystem. 


Chapter 4 provides specific information on the 80386 microprocessor and is a BIOS 
programming guide that explains the system firmware. 


Chapters 5 through 14 describe the hardware options available. 


Appendix A lists the International keyboards. 
Appendix B lists the System Error Messages and Codes. 


Chapters 1 through 4 are contained in Volume I; Chapters 5 through 14, and both 
Appendixes are contained in Volume II. 


\ Each volume contains an index for the entire book to help you find the information 
you need. 
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NOTATIONAL CONVENTIONS 


Values 


I/0 addresses and other values are in hexadecimal notation when shown with the 
letter h after them. Memory addresses are in hexadecimal when expressed as 
SSS$:0000, (SSSS is a 16-bit segment and 0000 is a 16-bit offset). All] other 
numbers are in decimal notation. 


Ranges 


Ranges or limits for a parameter are shown as a pair of values separated by two 
dots. For example, 4..0 includes numbers 4, 0, and every number in between 
(3, 2, and 1). 


Signal Labels 


Signal values are labeled AO, Al, Al5, etc. Signal names are in uppercase letters. 
Signals that are negative true, or active low, are indicated in the text by a 
dash (-) suffix; in the schematics, negative true signals are followed by an 
asterisk (*). 


Register Notation and Usage 


The standard Intel naming conventions are used for the 80386 registers. AX, BX, 
CX, and DX are the names of the general registers when used as word-length 
registers (16-bit). AH, AL, BH, BL, CH, CL, DH, and DL are the names for the 
general registers when they are used as byte-length registers (8-bit). 


SI, DI, and BP denote the source index, destination index, and base pointer 
registers, respectively. 
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CS, DS, SS, and ES denote the four segment registers: code segment, data 
segment, stack segment, and extra segment, respectively. CS is used with the 
IP (instruction pointer) register, and SS is used with the SP (stack 

pointer) register. 


FL is the flag register used to return the status of some operations. Status is 
given as the state of one of the flags within the register: CF for carry flag, 
IF for interrupt flag, etc. 


Register-set boxes that are shaded are ignored on input and are unchanged for 
output. An exception is that the contents of AX are not guaranteed to be preserved 
across all calls. Always reload the function code in AH and the parameter in AL 
(if any) to repeat a call. Register contents are always preserved across BIOS 
calls, unless the register is used to return a value. 


Bit Notation 


Bit values are labeled with bit <0> representing the least-significant bit and bit 
<7> representing the most-significant bit of a byte. 


Bit fields within a byte or word are shown as a range of decimal numbers separated 
by two dots enclosed in angle brackets. For example, reference to the four 
most-significant bits in a word is <15..12>. The higher number, representing the 
most-significant bit, is on the left. 


Common Acronyms and 
Abbreviations 


The following acronyms and abbreviations are used throughout this guide: 


Acronym Meaning 

AC alternating current 

ACE asynchronous communications element 

ACK acknowl edge 

ALS automatic line-selecting feature 

ASIC application-specific integrated circuit 
BCD binary-coded decimal 


(Continued) 
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Acronym Meaning (Continued) 
BIOS basic input/output system 
CF carry flag 

CPU central processing unit 
CH channel 

CGA color graphics adapter 
CNTLR controller 

DC direct current 

DCC diskette controller chip 
DF direction flag 

DMA direct memory access 

DRAM dynamic RAM 

DTMF dual-tone multi frequency 
ECC error checking and correction code 
EGA enhanced graphics adapter 
HW hardware 

INT interrupt 

IF interrupt flag 

LSI large scale integration 
MDA monochrome display adapter 
NT nested task flag 

PF parity flag 

PTR pointer 

RAM random-access memory 

RF resume flag 

RMS root mean square 

ROM read-only memory 

RTC real-time clock 

SOL side detail locking 

SF sign flag 

SW software 

TF trap flag 

UART universal asynchronous receiver/transmitter 
VGA video graphics array 

ZF zero flag 
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Abbreviation Meaning 

A ampere 

b binary 

bpi bits per inch 

bps bits per second 

cm centimeter 

Be degrees Celsius 

Es degrees Fahrenheit 

dBm decibel referred to 1 milliwatt 
dword 32-bit double word 

FRI flux reversals per inch 
GB gigabyte 

h hexadecimal 

Hz Hertz 

in inch 

IPS inch per second 

Kb kilobit (1024 bits) 

KB kilobyte (1024 bytes) 
kb/s kilobits per second 

kg kilogram 

kHz ki lohertz 

Mb megabit (1 x 10 bits) 
Mb/s megabit per second 

MB megabyte (1 x 10 — bytes) 
MB/s megabyte per second 

MHz megahertz 

m meter 

ms millisecond (10 “3) 

us microsecond (10 ~) 

ns nanosecond (10 ~) 

mA mil liampere 

N variable parameter/value 
pF picofarad 

Ib pound 

RPM revolutions per minute 
TPI tracks per inch 

V volt 

W watt 
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1.1 INTRODUCTION 


This chapter describes the key design considerations and technical features of the 
COMPAQ DESKPRO 386/25 Personal Computer. 


Compaq, the leader in 80386 technology, extends the performance and capabilities of 
80386-based personal computers with the COMPAQ DESKPRO 386/25. The heart of the 
COMPAQ DESKPRO 386/25 is a 32-Bit, 25-MHz Intel 386* microprocessor. Compaq 
surrounds the high-speed microprocessor with COMPAQ Flexible Advanced Systems 
Architecture (FLEX). Developed by Compag, FLEX architecture utilizes separate 
memory and peripheral buses combined with an advanced memory caching scheme and 
high-performance subsystems to optimize total system performance. The 25-MHz 80386 
and the 25-MHz Intel 82385 Cache Memory Controller, combined with a Cache Bus 
Interface (CBI) and its own 32 Kbytes of high speed 25 ns-static RAM (SRAM), 
provide up to 60 percent faster processing than non-cache 20-MHz 80386-based 
personal computers. 


Besides the increased speed advantages, the COMPAQ DESKPRO 386/25 delivers maximum 
storage and expansion capabilities to handle the latest in software and hardware 

| applications. Up to 1.2 gigabytes of high performance fixed disk capacity can be 
added with the COMPAQ 300-/600-Megabyte Fixed Disk Drive Expansion Unit. Memory is 
expandable to 16 megabytes without using an additional expansion slot. In 
addition, the 25-MHz Intel 387* and Weitek coprocessor can be installed for 
increased numeric processing performance. 


Other exclusive features include Disk Cache software, COMPAQ Expanded Memory 
Manager (CEMM), which supports the Lotus/Intel/Microsoft Expanded Memory 


specification, and MS-DOS, version 3.3 as published by Compaq, which extends the 
fixed disk drive partition limit to 512 megabytes. 


*Hereinafter referred to as 80386 and 80387 


COMPAQ DESKPRO 386/25 Personal Computer 


e 
ame 


Uf 
(hia 1-2 Overview 









Each subsystem of the COMPAQ DESKPRO 386/25 has been matched to provide the maximum 
performance and flexibility required to tailor the system for advanced and 
specialized applications. The following subsystems are described in this guide: 


= 80386 25-MHz microprocessor 

= Intel 82385 25-MHz cache memory controller and cache memory 
= Cache bus interface 

mw 32-bit system memory and memory bus 

= §8-/16-bit system and expansion buses 

= Numeric coprocessors 

= Mass storage controllers 

= Mass storage devices 

= Keyboard 


= Power supply 





= Video controllers 


The COMPAQ DESKPRO 386/25 also offers advanced users the highest performance, 
storage, and expansion capability in a personal computer for applications such as: 


= Computer-aided design and engineering (CAD/CAE) 
= Software development 

= Scientific/Technical analysis 

= Artificial Intelligence (A/I) 

= Database management 

= Network file servers 

= Multiuser systems 


= Mainframe communications 


Figure 1-1 shows the COMPAQ DESKPRO 386/25 Personal Computer. 
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The COMPAQ DESKPRO 386/25 Personal Computer 


COMPAQ DESKPRO 386/25 Personal Computer 


Overview 





The COMPAQ DESKPRO 386/25 offers memory expansion to 16 megabytes without using any ww 
expansion slots. 


Using up to three plug-in 1- and 4-megabyte 32-bit memory modules on a standard 
l-megabyte 32-bit system memory board, the standard 1 megabyte of 32-bit system 
memory may be increased to as much as 13 megabytes (2, 3, 4, 5, 6, 7, 9, 10, or 13 
megabytes). An optional 4-megabyte 32-bit system memory board allows up to 16 
megabytes of 32-bit system memory with the installation of three 4-megabyte 32-bit 
memory modules. This flexibility allows the main memory of the COMPAQ 

DESKPRO 386/25 to change as your needs change. 


An 8-/16-bit expansion bus provides full compatibility with industry-standard 
hardware expansion products designed for 8-MHz 80286 based personal computers. 


To maintain the overall performance of the system, the mass storage devices have 
also been designed to minimize the access time and maximize the storage capacity of 
the disk subsystem. Improved data storage capacities in a class of 
high-performance drives provide the disk storage required by many of the powerful 
applications available for personal computer products. 





The COMPAQ DESKPRO 386/25 supports either a 110-megabyte, or a 300-megabyte fixed 
disk drive. 


For applications requiring large storage capacity, such as large databases and file 
servers, the 110-megabyte fixed disk drive uses a Winchester controller. The 
110-megabyte drive has a 10-MB/s data-transfer rate with an average access time 

of 25 ms. 


The 300-megabyte fixed disk drive uses the COMPAQ buffered architecture ESDI 
controller with an access time of less than 20 ms. 


NOTE: MS-DOS version 3.3 as published by Compaq Computer Corporation also allows 
fixed disk drive logical partitions up to 512 megabytes. 


The COMPAQ DESKPRO 386/25 Personal Computer supports two types of fixed disk drive 
backup systems. 
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The first is the 40-Megabyte Fixed Disk Drive Backup (tape backup) and it provides 
40 megabytes of storage capacity with a 1 megabyte/minute transfer and verify rate. 
The 40-megabyte tape backup has a data-transfer rate of 500 KB/s and incorporates 
Error Correction Code (ECC) capabilities to ensure greater data integrity. The 
40-megabyte tape backup uses the 3M DC2000 cartridge and does not require a 
separate controller board. 


The 135-Megabyte Fixed Disk Drive Backup (tape backup) is the second type of tape 
backup system and offers the greater storage capacity of the two systems. It has a 
data-transfer-rate of 900 KB/s with a 5 megabyte/minute transfer and verify rate. 
The 135-megabyte tape backup also incorporates error correction code capabilities 
and uses the 3M DC600 XTD cartridge. The 135-megabyte tape backup uses a separate 
COMPAQ Tape Host Adapter Board and an 8-bit expansion slot. 


The optional 135-megabyte tape backup system, unlike the 40-megabyte tape backup, 
uses the SY-TOS Tape Operating System developed by Sytron Corporation. The SY-TOS 
operating system controls all] operating functions for the 135-megabyte tape backup 
and is shipped with the 135-megabyte tape backup. 


Two numeric coprocessors may be used with the COMPAQ DESKPRO 386/25. The first is 
the 25-MHz 80387 numeric coprocessor and the second type is the 25-MHz Weitek 3167 
coprocessor. The coprocessors may be used separately or together. 


Either coprocessor, when installed in the system, provides maximum performance for 
floating-point-intensive applications. The calculation speed of either coprocessor 
provides exceptional performance in many applications. The Weitek serves users 
with CAD/CAE, engineering, or scientific computational needs. The 80387 is the 
coprocessor of choice for the majority of business and many workstation users. 


Because the high performance and extensive compatibility of the COMPAQ 

DESKPRO 386/25 make it the appropriate choice for a variety of power users, the 
video display options offer comparable flexibility. Compaq offers a choice of 
optional video boards: the COMPAQ Video Graphics Controller (VGC) Board and the 
COMPAQ Video Display (VDU) Controller Board. 


ae 
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The VDU provides color graphics adapter (CGA) compatible graphics and 
high-resolution text. The CGA-compatible VDU supports the Compaq tradition of 
high-resolution text and graphics for applications not requiring color. For color 
and graphics-oriented applications, the COMPAQ DESKPRO 386/25 supports the video 
graphics adapter (VGA) standard with the COMPAQ Video Graphics Controller Board. 
To maintain the high-performance requirements of the COMPAQ DESKPRO 386/25, the 
BIOS code for this graphics board is copied into 32-bit memory. 


Compaq offers three monitors: the COMPAQ Dual-Mode Monitor, available with either 
amber or green phosphor, the COMPAQ Video Graphics Monochrome Monitor, and the 
COMPAQ Video Graphics Color Monitor. The dual-mode monitor is currently used on 
COMPAQ products to provide CGA-compatible graphics and high-resolution text with 
the COMPAQ Video Display Controller Board. 


For more technical information about the COMPAQ Video Graphics Controller Board and 
the COMPAQ Video Graphics Monochrome Monitor, refer to the COMPAQ Video Graphics 
System Technical Reference Guide, part no. 109189-001. 


The COMPAQ DESKPRO 386/25 supports as standard equipment the COMPAQ Enhanced 
Keyboard. It offers such features as large linear (non-segmented) address space, 


32-bit instructions, and advanced storage capabilities. 


The remainder of this guide provides detailed information about each feature, 
subsystem, and option of the COMPAQ DESKPRO 386/25 Personal Computer. 
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1.2 COMPAQ DESKPRO 
386/25 CONFIGURATION 
SUMMARY 


The following paragraphs highlight the main features of the COMPAQ DESKPRO 386/25. 


system Unit 


= 80386 microprocessor, whose primary features include: 
- 32-bit architecture 
-~ 25-MHz processor speed 
- compatibility with existing Intel 80286-based and 80386-based hardware 
and software 


= Intel 82385 Cache Controller with 32 Kbytes of static RAM (SRAM) 


= Eight expansion slots, which include: 
- one 32-bit memory slot 
- five full-sized 8-/16-bit slots 
- two 8-bit slots 


= Standard l-megabyte 32-bit system memory board, which includes: 
- 1 megabyte of RAM installed 
- connectors for attaching as many as three modules, bringing the total 32-bit 
memory to 13 megabytes 


The 1l-megabyte 32-bit system memory board may be replaced with an optional 
4-megabyte 32-bit system memory board. By using this option and three memory 
modules, total supported memory can be expanded to 16 megabytes. 


= Real-time clock 
» Security lock 
= COMPAQ Enhanced Keyboard 


= Multipurpose Fixed Disk Controller Boards, which support the following devices: 
- one or two diskette drives (one 5.25-inch 1.2-megabyte is standard, 5.25-inch 
360-Kbyte, or 3.5-inch 1.44-megabyte available) 
- one 40-megabyte fixed disk drive backup (tape backup) 
- 110-megabyte or 300-megabyte fixed disk drive 


m 192-watt steady-state power supply (220-watt peak) 
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Standard Interfaces 
= One 25-pin parallel printer interface 


= One 9-pin asynchronous communications interface 


Special MS-DOS Software 


The COMPAQ Expanded Memory Manager (CEMM) software combines the capability of the 
80386 Virtual mode with the memory-paging function. The special CEMM utility, 
which is specific to Compaq, extends the traditional MS-DOS 640-Kbyte limit of 
personal computer architectures up to 8 megabytes using the 

Lotus/Intel/Microsoft (LIM) Expanded Memory Specification, Version 3.2. The 
COMPAQ DESKPRO 386/25 provides a standard 256 Kbytes of expanded memory, and this 
amount can be increased to the LIM maximum of 8 megabytes by installation of 
additional memory modules. 


COMPAQ Disk Cache software brings RAM speed to many disk reads. It automatically 
stores frequently accessed disk information in RAM to accelerate 
Subsequent accesses. 


NOTE: Microsoft Operating System/2 (MS 0S/2) as published by Compaq Computer 
Corporation provides Disk Cache as a feature of the operating system. 
MS OS/2 supports up to 16 megabytes of memory and does not require CEMM. 


i en ee gre TT mm 
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~~ COMPAQ DESKPRO 386/25 
Configurations 


The COMPAQ DESKPRO 386/25 is available with two standard model configurations. 
Table 1-1 lists the various models and the features present with each one. 


Table 1-1. COMPAQ DESKPRO 386/25 Model Configurations 
Standard Features Model 110 Model 300 
25-MHz 80386 Microprocessor X X 
Cache Memory Controller with 32-KB of 

Static Memory 
One MB of 32-bit RAM 
COMPAQ Expanded Memory Manager (CEMM) 
Virtual Disk (VDISK) 
Disk Cache (CACHE) 
One 5.25-inch 1.2-Megabyte Diskette Drive 


One Fixed Disk Drive: 


a< | O< | << | O< | OX | OX< 
a< | OS | O< | O< | O< | OX< 


\. 110-MB (half height) x 
(average access time less than 25 ms) 
300-MB (full height) X 
(average access time less than 20 ms) 
COMPAQ Enhanced Keyboard X X 
Built-in sockets for: 
25-MHz 80387 Coprocessor and/or X X 


Weitek Coprocessor 


Asynchronous Communications Interface 
Parallel Printer Interface 
Real-Time Clock/Calendar 
192-Watt Steady-State Power Supply 
Available Expansion Slots: 

16-bit 4 

8-bit (one full-size and one half-size) 2 2 


m< | o< | O< | O< 
a< | O< | OK< [| O< 
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1.3 OPTIONS 


Monitors and Video Boards 


The COMPAQ Video Graphics Color and Monochrome Monitors and COMPAQ VGC Board have 
the following features: 


Palette with 256K colors, with up to 256 displayable at one time 
640 x 480 display resolution (VGA compatible) 
720 x 400 resolution for crisp text display 


Uses one full-sized expansion slot 


The COMPAQ Dual-Mode Monitor and COMPAQ VDU Board have the following features: 


Amber or green display 
High-resolution text and graphics 
Uses one full-sized expansion slot 


VGA compatible 


Additional Storage Devices 


1.2-megabyte half-height 5.25-inch diskette drive 

360-Kbyte half-height 5.25-inch diskette drive 

1.44-megabyte 3.5-inch diskette drive 

COMPAQ 300-/600-Megabyte Fixed Disk Drive Expansion Unit 
110-megabyte half-height fixed disk drive 

40-megabyte half-height fixed disk drive backup (tape backup} 
135-megabyte half-height fixed disk drive backup (tape backup) 
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Memory 
= i-megabyte 32-bit memory module 
= 4-megabyte 32-bit memory module 
s 4-megabyte 32-bit system memory board 


Interface 


= Asynchronous Communications/Parallel Printer Board 


Numeric Coprocessors 
= 8038/7 25-MHz Coprocessor 
= Weitek 25-MHz 3167 Coprocessor 


1.4 SPECIFICATIONS 


Table 1-2 lists the environmental specifications for a COMPAQ DESKPRO 386/25 
Personal Computer. 


Table 1-2. COMPAQ DESKPRO 386/25 System Environmental Specifications 


Air Operating 90°F to 104°F 
Temperature (10°C to 40°C) 
Nonoperating 90°F to 140°F 
(10°C to 60°C) 
Shipping -22°F to 140°F 
(-30°C to 60°C) 
G-Force Rating Operating 5 G for 11 ms 
Nonoperating 20 G for 11 ms 
Humidity Operating 20% to 80% (Noncondensing) 
Nonoperating 5% to 90%  (Noncondensing) 
Maximum Operating 10,000 ft (3 000 m) 
Altitude Nonoperating 30,000 ft (9 000 m) 
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SYSTEM BOARD 


2.1 


INTRODUCTION 


This chapter describes the architecture and basic theory of operation of the COMPAQ 
DESKPRO 386/25 Personal Computer system board components. The operation and 
characteristics of the cache memory system, the 8-/16-bit expansion bus, the 32-bit 
memory bus, and I/0 subsystem are also described. 


In this guide, any reference to “COMPAQ DESKPRO 386/25° is understood to refer to 
the COMPAQ DESKPRO 386/25 Personal Computer. 


System Board Subsystems 


The system board (Figure 2-1) consists of several subsystems which perform together 
to provide complete functionality. These are the central processor (80386 and 
numeric coprocessor), the cache memory subsystem (82385 and associated components), 
the 32-bit system memory, the 8-/16-bit expansion bus, the DMA subsystem, system 
ROMs, and the other system board I/0 devices. 


Figure 2-2 shows a block diagram of the functions included on this system board. 
There is an extra subsystem present between the Central Processing Unit (CPU) and 
the other system board components. This subsystem, the Cache Memory System 
(cache) is the basis for much of the extra performance provided by the COMPAQ 
DESKPRO 386/25. 


Several terms are explained by referencing the system block diagram. 


The “Local Bus’ is the address/data/control bus connected between the CPU, Numeric 
Coprocessor, and the cache. 


The "System Bus’ is the address/data/control bus connected between the cache and 
"Cache Bus Interface (CBI). 


The “32-bit Memory Bus. is the address/data/control bus connected between the CBI 
and the 32-bit system memory board. This is present on only one connector, J101. 
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The "8-/16-Bit Expansion Bus” is the address/data/control bus connected between the 
CBI and the traditional PC/AT bus connectors. Besides the expansion connectors, 
other items connected to this bus are the system ROMs, Direct Memory Access (DMA) 
controllers, and other I/0 devices on the system board. 


The Bus Architecture must provide appropriate throughput for all the system 
components. The CPU, memory, and I/0 peripherals are active contributors to 
performance with the bus providing a supporting role. 


In typical business applications, most CPU cycles are associated with the transfer 
of data to and from the CPU. As a result, the COMPAQ DESKPRO 386/25 system 
architecture concentrates on optimizing data transfers to and from the CPU. As CPU 
architectures progressed from a 16-bit, 4.77-MHz 8088 to a 32-bit, pipelined 25-MHz 
80386, the system and memory architectures had to keep pace. 


Since the early days of the COMPAQ DESKPRO development, Compaq has recognized 

the need for higher speed CPU data transfers. Compaq uses a concurrent bus design 
in many products. This concurrent bus design allows the memory bus to operate at 
the full clock data rate of the CPU and supports an I/0 bus compatible with 
industry-standard peripherals. 


The COMPAQ DESKPRO 386/25 represents a step in the evolution of the FLEX 
architecture developed for the COMPAQ DESKPRO 386/20. It maintains the 
relationship between the CPU, memory, and I/0 bus operations. The COMPAQ 

DESKPRO 386/25 system architecture centers around the Intel 82385, a VLSI 
(very-large-scale integration) cache/bus controller. The 82385 is the foundation 
of the COMPAQ DESKPRO 386/25 architecture shown in Figure 2-2. 


The ability of the 82385 to support simultaneous CPU and 8-/16-bit expansion bus 
operations is one of the key system features of the COMPAQ DESKPRO 386/25. This 
capability is particularly effective in multiprocessor applications using 
intelligent I/0 controllers. The ability of the 82385 to optimize CPU data 
transfers while simultaneously allowing other bus operations to occur enhances both 
CPU efficiency and system bus throughput to peripheral devices. 


Such sophistication is made possible by the very large scale integration of the 


82385. Discrete and low-level integration cache implementations do not offer such 
extensive capabilities. 
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Figure 2-1. COMPAQ DESKPRO 386/25 System Board Component Layout 
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Figure 2-2. Functional Block Diagram of the COMPAQ DESKPRO 386/25 System Board 
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2.2 CENTRAL PROCESSING 
UNIT 


The CPU of the COMPAQ DESKPRO 386/25 is the 25-MHz 80386 microprocessor--the most 
advanced member of the Intel microprocessor family. This processor uses a 32-bit 
architecture and advanced functions to provide the power and capability 
traditionally associated with minicomputer architectures. The 32-bit architecture 
includes the internal registers and the address and data buses. 


The 25-MHz 80386 provides this greatly increased performance while maintaining 
upward compatibility with software written for other, less powerful members of the 
Intel microprocessor family--the 8088/8086 and the 80286. 


The internal architecture of the 80386 includes a 32-bit prefetch mechanism, 


instruction pipelining, and a minimized number of CPU cycles required to execute 
complex instructions such as multiplication. 


Modes of Operation 


The 80386 allows software compatibility by providing the same operating modes as 
the 80286. The Real and Protected modes of the 80386 are fully compatible with the 
80286 instructions that use 8- and 16-bit operands. In addition, the 80386 extends 
register width as well as address and data paths to 32-bits. This improves 
performance on large integer calculations, data transfers, and large memory models. 


These additional functions are transparent to applications not taking advantage 
of them. 


Real Mode 


When power is applied or a reset operation occurs, the 80386 enters the Real mode 
and provides all the capabilities and limitations of this mode, which is compatible 
with the 80286. The Real mode allows only 1 megabyte of physical memory to be 
addressed and does not provide any memory protection features. Memory is addressed 
via the segment registers with the traditional 64-Kbyte limitation on segment size. 
The major distinction between the Real mode of the 80386 and that of the 80286 
microprocessor is that 32-bit operands can be used with the extended instruction 





COMPAQ DESKPRO 386/25 Personal Computer 





2-6 System Board 


set of the 80386. This 80386 superset of the 80286 instruction set allows 
operations such as multiplication to use 32-bit register or memory operands. Data 
transfers from one location of memory to another can occur 32-bits at a time, 
potentially improving the data-transfer speed twofold. 


Protected Mode 


The 80386 Protected mode offers features compatible with the 80286 and fully 
supports the following 80286 features--the memory protection, addressing via 
segment selectors, and 16-bit instruction set. It also allows for improved 
functions unique to the 80386. 


For example, larger segment sizes (that is, 4 gigabytes (GB) on the 80386 as 
compared with 64 Kbytes on the 80286), memory paging, I/O protection, the Virtual 
8086 mode, and the Protected mode full 32-bit extended instruction set offer 
functions beyond the capability of the 80286. These functions allow much more 
powerful software products to be implemented in the COMPAQ DESKPRO 386/25. 


Many of these applications, such as artificial intelligence expert systems, require 
a large linear address space and exceptional CPU performance to accommodate their 
size and complexity. 


Virtual Mode 


The 25-MHz 80386 also offers the Virtual mode to provide significantly improved 
compatibility and protection for concurrent execution of Real mode applications 
with future Protected mode operating systems. The Virtual mode allows applications 
written for the 8088, 8086, or 80286 Real mode to be executed within the privilege 
levels defined by the Protected mode. In contrast, the 80286 does not allow for 
security in Real mode applications, because the microprocessor must be in the Real 
mode to execute these applications. 





COMPAQ DESKPRO 386/25 Personal Computer 


Technical Reference Guide 2-7 





The Virtual mode, in combination with memory paging, allows the Real mode address 
space to be simulated anywhere in the physical address space of the 80386. In 
addition, the 80386 I/0 protection features permit the operating system to trap al 
or a selected set of I/0 ports for device protection. 


The COMPAQ Expanded Memory Manager (CEMM) illustrates the innovative use of these 
features. CEMM is described in Chapter 4, “Software Aspects and BIOS”. 


CPU Speed Controls 


The high speed of the COMPAQ DESKPRO 386/25 is usually an asset for users. 

However, occasionally problems occur with software products due to this processor 
speed. For this reason, Compaq has included in the COMPAQ DESKPRO 386/25 a system 
speed control feature. This feature has been implemented to provide compatibility 
with a small number of software products that contain programs dependent on certain 
system speeds. 


Typically, these programs contain timing idiosyncrasies associated with the 
diskette copy protection mechanisms. The processor speed can be slowed when the 
program accesses the diskette drive to allow for compatibility with these copy 
protection schemes. 


This simulated speed control is also useful for adjusting the COMPAQ DESKPRO 386/25 
to handle action software games written for 8088-based personal computers. 
Reduction of the COMPAQ DESKPRO 386/25 system speed to simulate the system speed 

of an 8088-based personal computer allows these games to be played at a 

realistic speed. 


The operation of the expansion bus is dependent on the CPU speed. It is compatible 
with an 8-MHz 80286 system, if the CPU has been jumper configured to operate at 

24 MHz. At 25 MHz, the bus runs at 8.33 MHz. Note that any reference in this 
technical reference guide assumes that Jumper E14 is set for 25 MHz operation. The 
operating speed depends on: 


= The setting of switch SW1 on the system board (see Switch SW1 in this chapter) 
= The MS-DOS mode speed command invoked 


= The type of operation being conducted 
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The system board and BIOS support several CPU operating speeds (modes): 


= Auto = Common 
= High = Adjustable 
= Fast 


The CPU operates in the “Auto mode to provide the user with the best compromise in 
operation when using copy protected software. The CPU operates at full speed 
except when diskette operations are in progress, then speed is slowed to the 
equivalent of an 8-MHz 80286 processor speed. At power-on, the default mode 
setting (High or Auto) depends on the setting of SW1. The MS-DOS mode speed 
command can override this setting. 


The CPU operates in the “High mode for the full speed 25-MHz 80386 processor. 
The CPU operates in the ‘Fast’ mode to simulate an 8-MHz 80286 type processor. 
The CPU operates in the ‘Common’ mode to simulate a 6-MHz 80286 type processor. 


The CPU operates in the “adjustable mode to simulate speeds of other types 
of processors. 


The COMPAQ DESKPRO 386/25 system speed can be set to one of these modes with the 
MS-DOS MODE command (MODE SPEED=xx) as published by Compaq Computer Corporation or 
can be used under program control with the “Set System Speed’ BIOS function. 


The MS-DOS MODE command is on the USER PROGRAMS diskette distributed by Compaq 
Computer Corporation. The range of speed values is from 1 to 50, where 50 
approximates the full COMPAQ DESKPRO 386/25 speed. The command MODE SPEED=COMMON 
selects the 6-MHz 80286-based product equivalent speed; MODE SPEED=FAST selects 
the 8-MHz 80286-based product equivalent speed; MODE SPEED=HIGH selects the full 
speed of the machine. MODE SPEED = AUTO is typically used for accessing a diskette 
drive at a slower speed because the application software dictates it. In auto 
mode, the CPU operates at the full 25 MHz except when accessing a diskette drive, 
at which point the speed slows to the equivalent of 8 MHz until the diskette drive 
motor shuts off, when the speed returns to 25 MHz. Access to the expansion bus is 
also at 8 MHz in the Auto mode. 


NOTE: In order to have the correct support for the 25-MHz CPU, use the version of 
MODE that comes on the USER PROGRAM diskette for the COMPAQ DESKPRO 386/25. 
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Table 2-1 lists some system speed values. 


Table 2-1. Simulated system Speed Values 


Decimal Hex 

Value Value 
6-MHz 80286-based products 1 Olh 
8-MHz 80286-based products 2 02h 
16-MHz DESKPRO 386 21 15h 
20-MHz DESKPRO 386/20 38 26h 
25-MHz DESKPRO 386/25 50 32h 


The 80286-based product equivalent speed values are listed for relative reference 
to other speed values. The decimal values in Table 2-2 are suitable for using 
directly with the MODE command. To use the “Set System Speed’ BIOS function, the 
speed values should be placed in the CX register using the hexadecimal equivalents. 


The simulated CPU speed control is accomplished by including special hardware on 
the system board that stops processor execution for short periods at a regular 
rate. This is done by putting the CPU in an adjustable length HOLD state at the 
same rate as refresh cycles. The execution speed of programs is reduced as the 
length of the HOLD state is increased. 


Note that due to the effect of the cache subsystem, the CPU normally is able to 
continue execution during refresh cycles, this is not the case when the speed mode 
is other than HIGH. 


DMA is done by putting the 82385 into HOLD, thus releasing the system bus. Note 
that the CPU can run out of the cache even while DMA cycles are occurring, since 
the 82385 is in HOLD, not the CPU. These two signals are independent of 

each other. 
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Figure 2-3 shows a block diagram for the COMPAQ DESKPRO 386/25 speed control. 
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Figure 2-3. Functional Block Diagram for Speed Control 


The amount of time the CPU is stopped is determined by the firing time of a timer 
contained in the 82C54 counter timer. The rate at which it is stopped is 
controlled by the refresh rate (determined by the firing rate of a timer contained 
in one of the System ASICs). 


The programming of the speed control timer (one-shot) is described in Chapter 4, 
"Software Aspects and BIOS". 
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System Clock Circuits 


The main system clock is provided by alternate 50-MHz or 48-MHz oscillator 
circuits. The 50-MHz oscillator provides a 25-MHz clock while a 24-MHz clock rate 
is available from the 48-MHz oscillator. The desired oscillator is jumper selected 
using E14 to provide either full 25 MHz operation or 24 MHz for 8 MHz bus 
compatibility. This clock is provided to the 80386 microprocessor, the numeric 
coprocessor (80387 and Weitek), the 82385 cache controller, the Cache Bus Interface 
IC (CBI) and synchronizing logic. 


The CPU Reset Signals are synchronized to an external 50-MHz (48-MHz) clock and 
then provided to the other system components so that they can match phase on their 
internal 25-MHz (24-MHz) clocks. 


A 14.318-MHz clock signal generated by an oscillator is also provided to various 
system circuits and the expansion bus to maintain compatibility with existing 80386 
and 80286-based hardware expansion products. 


The SMAP circuits, in particular, use the 14.318-MHz the clock signal to generate 
a 1.931-MHz timing reference (TIMCLK) which is used for various software timing 
and delays. 


CPU Operations 


CPU operations are handled by the cache memory system. The cache memory system 
provides an additional layer of logic between the CPU and the “system bus" (32-bit 
memory bus, 8-/16-bit expansion bus, and connected I/0 devices). 


The CPU routes the CPU status, address, and data signals directly to the 82385 
cache controller and the numeric coprocessor circuits. This information is 
referred to as the ‘local bus.” 
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32-Bit CPU Bus (Local Bus) 


The CPU bus refers collectively to the control, address, data, and status signals 
of the 25-MHz 80386 microprocessor interface to the 82385 cache controller and 
coprocessor circuits. 


The CPU contains separate 32-bit non-multiplexed address and data bus. When a 
cycle begins, the CPU places an address and some status signals on the bus. The 
status signals define the type of cycle that is to take place. These signals are 
used only by the 82385 cache controller. 


The cache controller in turn interfaces with the system bus (32-bit memory 
expansion bus and the 8-/16-bit expansion bus). 


All memory and I/0 accesses by the CPU bus are done on a 32-bit basis via the 
cache controller. 


2.3 CACHE MEMORY y 
SYSTEM 


The cache provides an additional layer of logic between the CPU and the memory and 
I/O devices. Logically, the CPU talks to the cache, and the cache then talks to 
the remaining components of the system. 


What Is A Cache? 


This section provides a simplified overview of the operation of the COMPAQ 

DESKPRO 386/25 cache memory system. It introduces the concepts and terminology of 
the cache. The next section, entitled’ COMPAQ DESKPRO 386/25 Cache Description, 
contains a more technical description that relies on an understanding of the 
general concepts of caching. 


A cache is a method of using a smal] amount of fast memory for holding the data 
from a larger, slower memory. This description of the operation of the cache and 
memory system uses an analogy of an office in a large company. In a large company, 
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the company archives contain many files just as main memory contains much data. A 
typical office would have a small file cabinet where the worker would keep copies 
of the company files which pertained to his immediate work. In this analogy, the 
file cabinet is equivalent to the cache memory. 


For this discussion, the file cabinet (cache) has two drawers for files and each 
drawer has a place for one file for each letter of the alphabet. In the cache 
system these drawers would be called ‘ways’ and the slots within the drawer are 
“lines.” The title on each slot (indicating the contents) is called a ‘tag. The 
fact that a file can only be put into the slot for its letter of the alphabet is 
termed ‘set associativity. 


When the worker (the CPU) needs a file (data) he begins by checking his local 
cabinet for the file. If the file was there, he would simply use it. In the cache 
system finding the data in the cache is called a ‘hit. Note that because the 
cabinet has two drawers, either of which could contain the file, the worker must 
look in both drawers before deciding if the file is there. 


If the cabinet did not have the needed file, then the worker would send to the 
company archives for a copy of the data which he would then store in his cabinet 
for future use. In the cache system, getting the data from main memory is called a 
"miss. In general, this would allow the cabinet to fill with frequently used 
files and speed access to the files. Eventually, however, the two slots for a 
letter in the local file cabinet would be full. In this case, room for the new 
file must be made. To do this, the worker discards the oldest or ‘least recently 
used. file from one of the two drawers. This makes room for a new file with the 
least probability of discarding a file that may be used again soon. The cache 
system works in a similar fashion when it comes time to make room for more data. 


Occasionally the worker may need to modify a file or create a new one. When this 
happens, he must send the data to the company archives in order to preserve the 
company files. With both the cache system and the analogy, the worker sends the 
file immediately upon changing it. If he already had a copy of the file in the 
cabinet, it will be updated. If not, then he will simply send the file to the 
archives. In the cache system, this procedure is called “write through." 
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Note that unlike getting a file from the archives, putting a file into the archives 
does not require a work stoppage. The worker (the CPU) can keep working as long as 
the local file cabinet (cache) contains the files he needs. Since the CPU behaves 
similarly, it can also begin a write operation to main memory and then keep busy 
reading instructions and data from the cache. The COMPAQ DESKPRO 386/25 Cache 
Controller implements this procedure which is called “posted write... 


Another point that must be considered in both the company and the cache systems is 
what happens when someone other than the main worker (the CPU) makes a change to 
the contents of the archives (main memory). Changes to the archives require an 
update of the local file cabinet if it contains a copy of the file being changed. 
Otherwise, the system would end up using old and inaccurate data. Maintaining the 
same data in both locations is termed "coherency." 


For simplicity s sake; the analogy considers the procedure used in the company (the 
COMPAQ DESKPRO 386/25 system) to maintain coherency when someone else (a Direct 
Memory Access, DMA, device) makes changes to the archives. The office worker has a 
runner who sits and watches the archives. Whenever something is put into the 
archives, the runner returns to the office cabinet and removes the copy of the file 
(if there is one) and discards it. This works because the worker will simply send 
for a fresh copy when that particular file (data) is needed again. Watching the 
main memory for changes by others is called “bus snooping.” 


The above discussion provides a simplified view of the operation of the COMPAQ 
DESKPRO 386/25 Cache System. There are other, different approaches to a cache, but 
this section describes in general the way the cache works. 
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COMPAQ DESKPRO 386/25 
Cache Description 


The cache consists of an Intel 82385 cache controller, 32 Kbytes of fast Static 
Random Access Memory (SRAM) serving as cache memory, SRAM data buffers, system bus 
data buffer/latches, and system bus address latches. These elements are organized 
into a two-way set associative cache memory system as follows: 


= 2 ways of 4096 x 32-bits (32 Kbytes) 

m 512 tags (blocks)/way (each tag controls a block) 
= 8 lines/tag (block) (each block contains 8 lines) 
=m 4 bytes/line (32 bits) 


The “data memory is provided by the 32 Kbytes of SRAM. The SRAM is actually 
organized as two ‘ways. of 4096 double-words. The control logic, and the "tag’ 
memory, which stores the addresses of the contents of the cache, is built into the 
Intel 82385. To reduce the amount of tag memory required, Intel has added one more 
feature to the system described in the section entitled “What A Cache Is." Instead 
of providing one ‘tag’ for each “line, the 82385 groups eight "lines together to 
form a block.” Each of the 1024 tags (2 x 512, one for each block) contains 18 
address bits to match the main memory address, and each tag includes a set of eight 
“valid bits, one for each line. 


The cache controller interfaces directly with the CPU and treats the remaining 
system components just as the CPU would in previous products. That is, the CPU 
recognizes the 82385 cache system as a very fast memory, which also passes other 
operations (I/0 etc.) through to the remainder of the system. 


The cache system, in turn, directly handles requests from Direct Memory Access 
(DMA) devices in the same manner as the CPU in previous products. 
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Address from the CPU enter the cache as follows: 


A31 ‘ 
: | stored in the tag 
Al4 / 
A13 ‘ \ 
| | block (tag) address 
A05 | SRAM / 
A04 | address \ 
A03 | | line address 
A02 / / 
AQl byte within 
A00 the line 


A cache tag covers 32 bytes; 8 lines of 4 bytes each. 


On a CPU read operation, the cache has the opportunity to ‘miss. on either the 
contents of the tag address (if the block is not present) or on the specific line 
within the block (if the valid bit indicates the line is not present). If both the 
“tag. and ‘valid bit’ match, the operation is a ‘hit’ and the data is supplied to 
the CPU by the SRAM. Note that the “tag lookup occurs in both “ways. and the SRAM 
begins its access all at the same time to 82385. 


On a CPU read operation, the cache has the opportunity to “miss. on either the 
contents of the tag address (if the block is not present) or on the specific line 
within the block (if the valid bit indicates the line is not present). If both the 
“tag. and ‘valid bit’ match, the operation is a "hit" and the data is supplied to 
the CPU by the SRAM. Note that the “tag lookup occurs in both “ways. and the SRAM 
begins its access al] at the same time to keep things fast. When the correct ‘way. 
is identified (by a tag match in the 82385) the data buffers for that “way are 
enabled, sending the correct data to the CPU. 


If the “miss” is on the “block,” then a new block position is chosen from the two 
“ways. according to the "least recently used” bit (also within the 82385). The 
main memory address is copied to the ‘tag. for the block, and the specific ‘valid 
bit for the data double-word is set in the tag. When the data arrives from the 
main memory, it is written to the SRAM and passed on to the CPU so that processing 
can continue. 
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If the "miss" is on a tag's “valid bit,” then only the valid bit is set in the tag 
(the rest is already correct). When the data arrives from the main memory, it is 
written to the SRAM and passed on to the CPU so that processing can continue. 


512 Least Recently Used (LRU) bits are kept within the cache controller, one for 
each of the 512 tag sets and used to determine which of the two ‘ways. to use on a 
tag miss. Using a least recently used algorithm allows for a good chance that the 
most current data is resident in the memory of the cache. 


On a memory write operation, the cache writes to both the main system memory and to 
the SRAM of the cache (if the corresponding tag and line are present and valid in 
the cache) (if the cache “hits’). 


The cache also implements a posted write function on ALL memory write cycles. That 
is, the cache saves the write address and data from the CPU and allows the CPU to 
continue its operation, while the system bus is busy doing the write. The cache 
uses its external address latches to store the address and status information, and 
external data latch/buffers to store the data. 


The 80385 cache controller monitors the system bus address (A<31:2>) for non-cache 
generated activity such as (DMA). During system bus HOLD cycles, memory writes are 
used to clear the corresponding valid bits in the cache tag if a "hit" occurs. 

This action, (bus snooping), by the cache prevents coherency problems. 


The cache is cleared automatically, flushed, any time the state of the “Hold A20 
Low’ signal changes. This is because a change in this line may make large blocks 
of main memory change contents (as far as the CPU and cache are concerned). This 
prevents coherency problems during changes from ‘Real’ to "Protected" mode by the 
system software. The cache is also cleared by a memory write to the diagnostic 
address port (80C00000h) on the system memory board. This allows for diagnostic 
testing of the cache system. Also, a flush hold will occur when DIAG NCA 

is asserted. 


The cache does not respond to the CPU operations to the two devices on the CPU 
local bus. These devices are the 80387 or Weitek numeric coprocessor. These 
coprocessors are close coupled with the CPU on the local bus to provide maximum 
speed operation. For the 80387, CPU operations to it are identified by an I/0 
address of 800000F8h or 800000FCh. For the Weitek coprocessor, CPU operations to 
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it are identified by a memory address in the range from C0Q000000h to DFFFFFFFh. 
Since the Weitek does not decode this entire range, care should be used to decode 
only known Weitek addresses (COOOQQ0000h-CFFFFFFFh) . 


To allow the 8-/16-bit expansion bus to use memory mapped I/0 devices or memory 
boards which use a paged addressing scheme (LIM boards), the cache system marks 
certain addresses as non-cachable. That is, the cache will not attempt to store 
and retrieve data to these addresses. All accesses to these addresses will go 
directly to the 8-/16-bit expansion bus. SW1-3 enables or disables cache memory. 
This allows adapters with dual ported memory to be used from 12M - 16M. Those 
non-cachable addresses are listed below: 


ADDRESS FUNCTION 

00040000h-0007FFFFh when only 256K of base memory is set 

00080000h-0009FFFFh when 512K or 256K of base memory is set 

OOOA0000H-O00DFFFFh at all times 

OOCOQO0OH-OOFFFFFFh when cache is disabled for use with 
memory mapped I/0 boards in this range 

80000000h-FFFFFFFFh at all times 


Refer to Chapter 4, “Software Aspects and BIOS, for programming information. 
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Behavior Unique to the 
Cache Memory System 


Two aspects of behavior unique to the cache memory may cause unexpected side 
effects during its operation. The first is caused by the reaction of the cache to 
non-existent or write-protected memory (including the system ROMs). Because the 
cache assumes that al] memory is normal RAM, it is possible for the cache to 
mislead software that attempts to write to non-existent or write-protected memory 
by returning the data written to it, while the actual system memory would not. 


The second aspect unique to the cache is the effect of posted write logic. Because 
this logic allows the CPU to continue processing in parallel with other activity on 
the system bus, the software coding technique of using a JMP $+2 instruction to add 
timing delays between I/0 cycles may have no effect. This causes problems with 
slow devices on the I/0 bus. To help prevent problems from this side effect, the 
system was designed with special logic circuitry to add delay timing between I/0 
cycles. This logic insures that there is at least 1.5 us of delay following an I/0 
cycle to the 8-bit bus before another I/0 cycle can start. Note that 16-bit I/0 
cycles do NOT start this delay and memory cycles on the expansion bus are not 
affected by this delay. 


Note that devices which require more than 1.4 us of time between cycles may require 
some special coding technique. One method that is suggested is to read or write 
some other location in the I/0 space to add the required delay (a read of I/0 port 
084h is always safe and uses 720 ns). The system guarantees that all I/0 
Operations and memory writes will happen in sequence although memory reads may 
occur from the cache (thus not appearing at all on the bus). Times in excess of a 
few microseconds probably should use a routine that polls the system timer which 
counts by one every 908 ns. 


Another side effect of the cache system is its speed. Devices on the expansion bus 
such as a second processor or graphics coprocessor which interface to the main 
processor by means of a shared memory may encounter performance degradation. This 
is because the main processor is able to execute its code much faster than in 
previous products and may be able to keep the shared memory busy a much greater 
percentage of the time. This can be a particular problem if the main processor 
polls the shared memory in a tight software loop to wait for the peripheral to 
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finish. The main processor code will execute very quickly out of the cache and 
then spend a comparatively long time reading the shared memory. The peripheral 
will then be unable to get at the shared memory as often or as long as in previous 
products, and may encounter performance degradation. 


Coprocessor Not Installed 
Logic 


Because the 80387 and the Weitek numeric coprocessors are located on the local bus 
of the CPU and are not serviced by the cache controller, it would be possible for 
the system to crash if these devices were accessed and they were not installed to 
respond. To prevent this problem, the system includes logic to generate the 
appropriate signals whenever one or both of these devices is accessed and does not 
respond. The SW1-2 switch "80387 Installed’ must be set correctly. A pin on the 
Weitek socket is used to detect whether or not Weitek is installed. 


32-Bit Memory Bus 


The 32-bit memory bus is an essential component of the COMPAQ DESKPRO 386/25 
system. The bus provides a memory subsystem to take advantage of the 32-bit cache 
memory architecture of the 80386. Without the cache and 32-bit memory bus, the 
80386 would be limited to a performance equivalent to that of other 80386 products. 
It is simply a mechanism to provide a 32-bit memory system for the COMPAQ 

DESKPRO 386/25. All accesses to the 32-bit memory bus occur on all writes, cache 
misses, and on all non-cachable accesses. 


The memory bus is intended for use by the COMPAQ DESKPRO 386/25 32-Bit System 
Memory Board. This memory bus is designed to provide up to 16 megabytes of high 
Speed memory. The bus is designed and set up strictly for Dynamic Random Access 
Memory (DRAM) operating with a basic DRAM speed of 100 nanoseconds. 


The memory bus is implemented by a 100-pin connector on the system board. Two 
power/ground connectors are also provided to improve the power distribution to the 
large memory subsystem. The address and data signals are connected directly to the 
system bus (driven by the cache system). The status signals on the memory bus 
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are generated directly by the memory control logic of the Cache Bus Interface 
(CBI). This close coupling minimizes the signal delay between the cache and 
CBI controllers. 


It should be noted that the signals on the memory bus are limited to those 
associated with memory cycles. No I/0-related signals exist on the memory bus. 
Also note that the memory bus limits the addressing of physical memory to 

16 megabytes. The PA31 signal on the bus addresses special memory-mapped registers 
in the COMPAQ DESKPRO 386/25 memory board. Refer to the subsection entitled 
"System Connectors" later in this chapter for the connector pinout. 


Table 2-2 describes each of the signals on the memory bus. 


Table 2-2. 32-Bit Memory Bus Signals 
Signal Name I/0 Description 


D<7..0> I/O These bi-directional signals are the 8 bits of the processor 
data bus selected at an address that ends in 00 (binary). They 
should be used for the transfer of memory data when the 32-bit 
bus is selected. The bus should have a maximum of 1.0 mA load 
in the low state and 0.4 mA load in the high state when driven 
by the system board and maximum capacitive loading of 40 pF. 


These lines should be driven only during 32-bit bus memory read 
cycles when qualified by the BEQ- signal going active. During 
a write cycle, the data on these lines is valid only when 
BEO- is active. The 32-bit system board must be able to drive 
120 pF and sink 4.0 mA and source 1.0 mA when driving 
these lines. 

D<15. .8> 1/0 These bi-directional signals are the 8 bits of the processor 
data bus selected at an address that ends in 01 (binary). 


These lines are qualified by BE1- similar to D<7..0> and 
BEQ- described above. The electrical parameters are the same 


as those for signals D<7..0>. 

D<23..16> I/O These bi-directional signals are the 8 bits of the processor 
data bus selected at an address that ends in 10 (binary). 
These lines are qualified by BE2- similar to D<7..0> and 
BEQ- described above. The electrical parameters are the same 


as those for signals D<7..0>. 
(Continued) 
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Table 2-2. (Continued) 


Signal Name 1/0 Description 
D<31..24> I/O These bi-directional signals are the 8 bits of the processor 


data bus selected at an address that ends in 11 (binary). 
These lines are qualified by BE3- similar to D<7..0> and BEO- 
described above. The electrical parameters are the same as 


those for signals D</..0>. 

A<23..2> 0 These output signals (in addition to A31) address memory devices 
and special control registers on the 32-bit memory bus. They 
form the high order 22 bits of the 24-bit standard address which 
the system offers. The bus should have a maximum of 1.0 mA load 
in the low state and 0.4 mA load in the high state and a maximum 


capacitive loading of 40 pF. 

A31 0 This output signal (in addition to A2..A23) addresses special 
control registers or system memory on the 32-bit memory bus. 

The line should have a maximum of 1.0 mA load in the low state 
and 0.4 mA load in the high state and a maximum capacitive 
loading of 40 pF. 

FA20- 0 This output signal (when low) indicates when the address line 
A20 should be ignored and the address decoded as if the A20 line 
was low. When FA20- is high, the A20 line is decoded as normal. 
This is used to provide software compatibility for those 
programs that expect only a 1 megabyte address space. The line 
should have a maximum of 1.0 mA load in the low state and 
0.4 mA load in the high state and a maximum capacitive loading 


of 40 pF. 

CS0- 0 This output signal (when low) indicates when the 32-bit memory 
board should operate on the D<7..0> data lines. The memory 
board should use this line for enabling the data buffers and 
the individual CAS lines for the DRAMs connected to data lines 
D<7..0>. The line should have a maximum of 2.0 mA load in the 
low state and 0.6 mA load in the high state and a maximum 


capacitive loading of 60 pF. 
(Continued) 
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Table 2-2. (Continued) 


Signal Name _I/0 Description 
CS1- 0 This output signal (when low) indicates when the 32-bit memory 


board should operate on the D<15..8> data lines. The memory 
board should use this line for enabling the data buffers and the 
individual CAS lines for the DRAMs connected to data lines 
D<7..15>. The bus should have a maximum of 2.0 mA load in the 
low state and 0.6 mA load in the high state and a maximum 


capacitive loading of 60 pF. 
CS2- 0 This output signal (when low) indicates when the 32-bit memory 


board should operate on the D<23..16> data lines. The memory 
board should use this line for enabling the data buffers and 
the individual CAS lines for the DRAMs connected to data lines 
D<23..16>. The bus should have a maximum of 2.0 mA load in the 
low state and 0.6 mA load in the high state and a maximum 


capacitive loading of 60 pF. 

CS3- 0 This output signal (when low) indicates when the 32-bit memory 
board should operate on the D<31..24> data lines. The memory 
board should use this line for enabling the data buffers and 
the individual CAS lines for the DRAMs connected to data lines 
D<31..24>. The bus should have a maximum of 2.0 mA load in the 
low state and 0.6 mA load in the high state and a maximum 


capacitive loading of 60 pF. 

640K- 0 This output signal is one of the lines which indicate the 
amount of base memory that is provided by the 32-bit memory 
system. It indicates that the memory board should provide 
memory in the address range 00080000h..O009FFFFh. The bus 
should have a maximum of 2.0 mA load in the low state and 
0.6 mA load in the high state and a maximum capacitive loading 
of 60 pF. 

512K- 0 This output signal is one of the lines which indicate the amount 

of base memory that is provided by the 32-bit memory system. It 
indicates that the memory board should provide memory in the 
address range 00040000-0007FFFFh. The signal should have a 
maximum of 2.0 mA load in the low state, 0.6 mA load in the high 


state, and a maximum capacitive loading of 60 pF. 
(Continued) 


2-23 


COMPAQ DESKPRO 386/25 Personal Computer 


(a 2-24 System Board 





Table 2-2. (Continued) 
Signal Name I/0 Description 


W-R 0 This output signal is one of the status lines which indicate the 
type of cycle that is in progress. When high, it indicates a 
write cycle, when low, a read cycle. This signal has basically 
the same timing as the address lines. The signal should have a 
maximum of 1.0 mA load in the low state and 0.4 mA load in the 
high state and a maximum capacitive loading of 40 pF. 


REFEN- 0 This output signal from the processor board indicates the onset 
of a refresh cycle. The memory board should use this line to 
switch the address multiplexers to the row addresses. The 
signal should have a maximum of 1.0 mA load in the low state and 
0.4 mA load in the high state and a maximum capacitive loading 


of 40 pF. 

MRASO- Q This output signal from the processor board is one of the master 
RAS- (Row Address Strobe) lines for the DRAMs. The only 
difference between this line and MRAS1- (below) occurs during 
refresh. At refresh the two MRASx lines go active at different 
times to reduce the noise on the memory board caused by al] the 
DRAMs going off at once. The memory board should use this line 
(“"ANDed" with decoded address) to strobe the row addresses into 
the DRAMs. The signal should have a maximum of 5.0 mA load in 
the low state and 1.0 mA load in the high state and a maximum 


capacitive loading of 120 pF. 

MRAS1- 0 This output signal from the processor board is one of the master 
RAS- (Row Address Strobe) lines for the DRAMs. The only 
difference between this line and MRASO- (above) occurs during 
refresh. At refresh the two MRASx lines go active at different 
times to reduce the noise on the memory board caused by all the 
DRAMs going off at once. The memory board should use this line 
to strobe the row addresses into the DRAMs. The signal should 
have a maximum of 5.0 mA load in the low state and 1.0 mA load 


in the high state and a maximum capacitive loading of 120 pF. 
SWM- 0 This output signal from the processor board is used to control 
the address multiplexers for the DRAMs. In the low state, the 
column addresses should be selected, in the high state, the row 
addresses. The signal should have a maximum of 2.0 mA load in 
the low state and 0.05 mA load in the high state and a maximum 


capacitive loading of 60 pF. 
(Continued) 
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Technical Reference Guide 


The system board uses the cache controller pipelining ability to get a start on 
operations. Since the system board cannot know if the next cycle is for the 32-bit 
memory or the system board, it always starts the cache controller pipelining. The 
8-/16-bit expansion bus control logic and memory control logic of the CBI 
understand this and make use of the overlap in cycles for additional address setup 
time. This also allows a one clock cycle reduction in bus access time if system 
bus cycles are run back to back (with no idle time in between). 


During DMA cycles, the memory control logic must run the memory cycles at least as 
fast as the original PC AT 286 memory boards because there is no way to add wait 
states to external bus masters from the 32-bit memory system. 


The logic for controlling the state to state transitions and the generation of the 
master memory strobes is contained entirely within the CBI Integrated Circuit. 
This IC examines the cache controller (system bus) status and the M32- line from 
the memory decode logic and determines whether to run a 32-bit memory cycle or an 
expansion bus cycle. 


Depending on the control information on the system bus, the CBI memory system 
executes seven different memory cycles. Those memory cycles are listed below: 


= Read Cycle 

# Write Cycle 

# Refresh Cycle 

= DMA Read Cycle 

= DMA Write Cycle 

™ Diagnostic Read Cycle 


# Diagnostic Write Cycle 


For all of the following figures and text, the following information applies. 

The signal ADS- (Address Strobe) is present only on the system board, not any 
connector. It signals the presence of a new valid address on the system bus. 

That address (not shown) is valid from the ADS- falling edge, until either the 
NAB- signal or the BRDY- signal rises. The NAB- signal (Next Address Bus) informs 
the cache controller that it is permissible to place a new address on the bus. 
This is used to start pipelining. The BRDY- (Bus ReaDY) signal informs the cache 
controller that the current cycle is complete, data may be sampled (for reads) or 
removed (for writes). Neither NAB- or BRDY- is present on any connector for 
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external use. Data is also not shown on the figures, but is present on writes when g 
the CSx- (byte Chip Select) lines are active, and for reads whenever the DRAM 
places it on the bus (also when CSx- is active). 


Read Cycles 


All cache controller memory cycles start with the cache controller presenting an 
address, status, and address strobe (ADS-) signal (the ADS- signal is present only 
on the system board). The system memory board, in turn, decides whether or not to 
respond to the address. An address decode device decodes the address signal and 
system memory jumpers and sets the signal M32- line active. The system board CBI 
uses the signal M32- line (in combination with the status and ADS-) to start a 
cycle. Figure 2-4 shows two memory read cycles. 


The first shows the effect of system bus pipelining, the ADS- signal is activated 
before the BRDY- signal indicates completion of the previous cycle. The 

ADS- remains active (low) until the previous cycle is complete. Note that 

the MRASx-, SWM-, and MRD- signals to the memory card are started before the 
previous bus cycle is complete. 





The second cycle is also pipelined, but from the first memory cycle rather than the 
8-/16-bit expansion bus. The signal NAB- (next Address) from the CBI tells the 
cache controller that it should put the next address and ADS- out before the 
previous cycle is completed (as shown by BRDY-). Because there is only one clock 
cycle overlap, (as indicated by ADS- being one CLK20- long), the memory control 
Signals are not stretched beyond their normal values. 


The signal MRASx- refers to both the signals MRASO- and MRASI1- as they are both 
identical for these cycles. The signal CSx- refers to CS-<3..0> signals which are 
all active for memory reads. 


SWM- should be used to change the dynamic RAM multiplexers from row (when high) to 
column (when low). 
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Figure 2-4. Memory Read Cycles 


; Write Cycles 


Figure 2-5 shows two memory write cycles. The conditions for the two cycles are 
the same as for the previous read cycles. The signal MRASx- refers to both the 
Signals MRASO- and MRASI-. The signal CSx- refers to the CS-<3..0> signals which 
are active as appropriate for memory writes. 


CLK5® 


CLK 25— 


fp 
MRASx— ee 





Figure 2-5. Memory Write Cycles 
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Refresh Cycle 


Figure 2-6 shows a DRAM refresh cycle. The only lines to the memory system which 
are active are the MRASx- lines. MRAS1- follows MRASO- by two CLK50 cycles in 
order to reduce the number of DRAM ICs doing refresh at exactly the same time. 
This reduces the peak current surge on the DRAM board caused by the refresh. 


CLK5®@ 


REFEN# aa EE: accra 
MRDC-— 

agent: Se cmc eenat: 
MRASO— caresemmammnnes SER (adikidieiaraene aaa anaes 
MRAS1— racine: TT sna aeamenaniat 


Figure 2-6. Refresh Cycle 


Diagnostic Read and Write Cycles 


Figure 2-7 shows a diagnostic memory read and write cycle. In general the 
diagnostic cycles are the same as regular DRAM cycles except that the MCAS- line is 
never made active. The first cycle shown starts out of a system bus idle signal 
(not pipelined), the second is pipelined as before. The signal MRASx- refers to 
both the signals MRASO- and MRAS1- as they are both identical for these cycles. 

The signal CSx- refers to the CS-<3..0> signals which are active as appropriate for 


memory writes. 


Note that for these read and write cycles the MCAS- is not driven so that the DRAMs 
will not conflict with the diagnostic ports. 
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Figure 2-7. Diagnostic Read and Write Cycles 


DMA Memory Read 
Figure 2-8 shows an example of a DMA read cycle. The signal MRASx- refers to both 
the signals MRASO- and MRASI- as they are both identical for these cycles. The 
Signal CSx- refers to the CS-<3..0> signals which are all active for memory reads. 


Note that for the DMA read cycle, the MCAS-, MRD- and CSx- lines remain active 
until the end of the MRDC- active time. 


CLKS®@ 


MRDC— ee 
MRASx— i ne i a aaa 


\.. Figure 2-8. DMA Read Cycles 
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DMA Memory Write 


Figure 2-9 shows an example of a DMA write cycle. The signal MRASx- refers to both 
the signals MRASO- and MRAS1- as they are both identical for these cycles. The 
Signal CSx- refers to the CS-<3..0> signals which are all active for memory reads. 


CLK5@ 
MWTC— a en i as 
MRASx— es erat 
SWM— ee a eee ee 
MCAS— hk’ aaa ia 
MWE — ee 
CSx- ta Sn 


Figure 2-9. DMA Write Cycles 
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Table 2-3 list the required access time and cycle time for the 32-bit system memory 
board. These times assure operation in either 386/20 or 386/25. 


Table 2-3. Memory Bus Timing Requirements 


Time (In 
Cycle Nanoseconds) 
Address setup to MRASx- active (SETUP ) 35 
Address hold from MRASx- inactive (HOLD) 8 
MRASx- to SWM- delay (minimum) (DELAY) 10 
SWM- to MCAS- delay (minimum) (DELAY) 35 
MRASx- to MCAS- delay (DELAY) 50 
MRASx- pulse width (read or write cycles) active 145 
MRASx- pulse width (refresh cycles) 125 
MRASx- precharge time active 90 
MRASx- AND MCAS- (overlap time) read cycle 80 
MRASx- AND MCAS- (overlap time) write cycle active 75 
CS-<3..0> setup to MCAS- (SETUP) (READ) 25 
Data setup before MCAS- (non DMA) (SETUP) (CS-LIMITED) 45 
Required data access from MCAS-active (non DMA) Access 90 
Required data access from MRASx-active (non DMA) Access 150 
Data setup before MCAS- for DMA write cycle 40 
Required data access time from MCAS-during DMA read cycles 47 
Required data access time from MRASx- during DMA read cycles 102 
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8-/16-Bit Expansion Bus 


The 8-/16-bit expansion bus is essential for the COMPAQ DESKPRO 386/25 to provide 
an interface compatible with I/0 and memory expansion boards designed for existing 
8-MHz 80286-based systems. The bus operates at a nominal frequency of 8.33 MHz. 

If any compatibility problem arises, this can be made exactly 8.00 MHz by selecting 
jumper E14-2 to E14-3 with an accompanying 4 percent loss in performance. This 
bus, however, is intended primarily for use by I/O devices. Access to memory via 
the 8-/16-bit bus severely constrains the COMPAQ DESKPRO 386/25 system performance 
for data or programs operating from the 16-bit memory. The CBI IC has the 
responsibility of monitoring the system bus control information from the cache 
controller and the M32- decode information from the 32-bit memory board. When a 
system bus cycle occurs that is not handled by the 32-bit memory, the CBI decodes 
and translates the bus cycles to match, in function and timing, the 8-/16-bit bus 
of 8-MHz 80286-based systems. Refer to the subsection entitled “System Connectors’ 
later in this chapter to see the pinout for the expansion bus connectors. 


When the cache begins a system bus cycle, it asserts its address and status 
signals. Due to the pipelining, the address signals are asserted typically while 
the previous bus cycle is taking place. Because most devices on the 8-/16-bit 
expansion bus expect the address signals to be valid during the entire bus 
operation, the address lines are latched to provide signals SA2 through SA19 to the 
expansion bus. The ALE signal latches the address lines. A set of unlatched 
address lines; LA17 through LA23 is also provided on the expansion bus for 
higher-speed expansion boards to provide a greater than in 8088/8086-products 
set-up time for these devices. A set of buffers connected to the system bus 
address signals Al/7 through A23 provides the unlatched address signals to the 
expansion bus. Address lines SAO and SAl as well as the BHE- signals of the 
expansion bus are generated by the bus controller using the BEO- through BE3- cache 
Status signals. These signals indicate which bytes are to be accessed from the 
full 32-bit double-word access. The SAO, SAl, and BHE- signals are asserted on the 
bus at the rising edge of BALE, making their timing very similar to that of the 
other address signals (SA2 through SA19) on the bus. All the address signals on 
the system bus are disabled when the cache controller responds to a HOLD request; 
so that another device (such as the DMA controller) can control the address bus. 
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system address line A20 requires special handling to maintain compatibility with 
80286-based products. The A20 signal can be disconnected from the bus and Real 
mode driven low via the ‘Force A20 Low’ function provided by the keyboard 
controller. Driving A20 low allows for Real mode compatibility with certain 
application programs written for the 8088/8086 that expect automatic segment 
wraparound; at the end of the 1-megabyte address space. 


In addition to using the cache controller status lines to convert to the 80286 bus 
Standard, the bus controller uses these status lines to define the type and number 
of cycles that are to occur on the 8-/16-bit bus. For example, if a double-word 
read (32 bits) occurs via the 8-bit bus, the bus controller generates the 
appropriate cycles for four consecutive 8-bit read operations. 


The primary reason to avoid frequent memory operations via the 8-/16-bit bus is 
that they take significantly longer than equivalent operations on the 32-bit memory 
bus. This degradation occurs when the bus controller executes multiple bus memory 
cycles per CPU memory cycle at the 8-MHz expansion bus clock rate. For example, to 
execute a double-word read (4 bytes) from an 8-bit device on the 8-MHz 8-/16-bit 
bus with 1 additional wait state, the bus controller must perform four memory 
accesses. Each memory access takes the equivalent of 7 BCLK clock cycles at the 
8.33-MHz rate. The total time required for such an operation via the 8-bit bus 
would be 3.36 us (28 x 120 ns) in contrast to the 280 ns (7 x 40 ns) required for 
this operation via the 32-bit memory bus. Thus, this operation on the 8-bit bus 
takes 12 times as long as the same operation on the 32-bit bus. 


Table 2-4 gives the number of 8.33-MHz cycles (120-ns cycle time) for various types 
of memory and I/0 operations on the 8-MHz 8-/16-bit expansion bus. The number 
before the ‘colon’ is the total time in BCLKs, the number following the “colon” is 
the time that the appropriate command (MRDC-, IOWC-, etc.) is active. For cycles 
with more than one bus wait state, each wait state adds one additional 120 ns clock 
cycle. The number of 50 ns (25-MHz) clock cycles seen by the cache controller is 
2.5 times greater than the following table (round up any fractional part). 


er enema 


COMPAQ DESKPRO 386/25 Personal Computer 


We rs 
(Ta 2-36 system Board 


Table 2-4. Number of Expansion Bus Cycles for Typical CPU Operations : 








Bus Number of Cycles Required 

Size QO Wait Standard 1 Additional 
Operation (In Bits) State Wait State Wait State 
Memory Read 16 2:1 eae 4:3 
Memory Read 8 $21.5 6:4.5 7:5.5 
Memory Write 16 2:1 J.C 4:3 
Memory Write 8 i es 6:4.5 P2565 
1/0 Read 16 Sg ee. 3:1.5 4:2.5 
1/0 Read 8 Ca Bes: 6:4.5 725.5 
1/0 Write 16 S125 3:1.5 4:2.5 
I/0 Write 8 321.5 6:4.5 T2525 
INTA READ N/A 6:4.6 N/A 
HALT N/A 3:2 N/A 
SHUTDOWN N/A 3:2 N/A 


NOTE: A standard wait state occurs if the device being accessed does not specify 


the number of wait states that should be generated by the system. 


If the cache controller status indicates more than one bus cycle will be required 
for a single cache controller access, then the bus state machine will run the 
necessary number of bus cycles (duration indicated above) to complete the cache 
controller access. For example, if the cache controller status indicates a 
double-word memory read from the 8-bit bus, then the total cycles for the access 
would be 4*6=24, 120 ns bus cycles (assuming normal cycles) or 24*2.5=60, 40 ns 
cache controller cycles. 
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The CBI is also capable of generating or dealing with a number of non-CPU bus 
cycles. Table 2-5 lists those cycles. 


Table 2-5. Non-CPU Bus Cycles 


Cycle Types Bus Access Types 


System Board DMA: 


DMA memory read byte 16-bit bus Low byte 

DMA memory read byte 16-bit bus High byte 

DMA memory read byte 8-bit bus Low or high byte 
DMA memory write byte 16-bit bus Low byte 

DMA memory write byte 16-bit bus High byte 

DMA memory write byte 8-bit bus Low or high byte 
DMA memory read word 16-bit bus -- 

DMA memory write word 16-bit bus a 


Refresh Read -- -- 
8-/16-Bit Master: 


Bus master memory read byte 16-bit bus Low byte 

Bus master memory read byte 16-bit bus High byte 
Bus master memory read byte 8-bit bus Low byte 

Bus master memory read byte 8-bit bus High byte 
Bus master memory write byte 16-bit bus Low byte 

Bus master memory write byte 16-bit bus High byte 
Bus master memory write byte 8-bit bus Low byte 

Bus master memory write byte 8-bit bus High byte 
Bus master memory read word 16-bit bus ~= 

Bus master memory write word 16-bit bus -- 


NOTE: Any memory reference to the 16-bit bus (for non-CPU operations) can be 
handled by the 32-bit system memory and operates at the same speed as the 
16-bit bus. 


(Continued) 
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Table 2-5. (Continued) 


Cycle Types Bus Access Types 
Bus master I/0 read byte 16-bit bus Low byte 
Bus master I/0 read byte 16-bit bus High byte 
Bus master I/0 read byte 8-bit bus Low byte 
Bus master I/0 read byte 8-bit bus High byte 
Bus master I/0 write byte 16-bit bus Low byte 
Bus master I/O write byte 16-bit bus High byte 
Bus master I/0 write byte 8-bit bus Low byte 
Bus master I/0 write byte 8-bit bus High byte 
Bus master I/O read word 16-bit bus -- 

Bus master I/0 write word 16-bit bus -- 


NOTE: Any memory reference to the 16-bit bus (for non-CPU operations) can be 
handled by the 32-bit system memory and operates at the same speed as the 
16-bit bus. 





For non-CPU cycles, the bus signal BALE will always be active, thereby making the 
LAxx and SAxx busses equivalent. Non-CPU cycles are indicated by the presence of 
an active (high) DMA signal (for DMA operations) or an active (low) GRAB- signal 
(for other bus master operations). 


Byte or Word DMA operations are determined by the controller in use, not by the 
M16- or I016- signals. Byte DMA operations can be done to any memory device, 
8-bit, 16-bit, or 32-bit equally well and at the same speed. Word DMA operations 
can only be done to 16-bit or 32-bit memory on even addresses, due to limitations 
of the controller. 


DMA operations can be slowed down by use of the BUSRDY signal as usual, but can not 
be speeded up by use of the NOWS- signal (NOWS- is ignored). 


Bus master operations are expected to use and handle the M16-, I016-, and 
BUSRDY- lines. Handling of the NOWS- line is optional for bus masters. 
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Table 2-6 lists the 8-/16-bit expansion bus signals and provides a description 
of each. 


Table 2-6. 8-/16-Bit Expansion Bus Signals 


Signal 
Name 1/0 Description 
IOCHK- I This input signal is used to signal the CPU about parity or 


other serious errors on expansion memory boards plugged into the 
expansion bus. This signal should be driven low by an 
open- collector output capable of sinking 20 mA when an 


uncorrectable system error occurs. 
SD0..SD7 1/0 These bidirectional signals are the low 8 bits of the system 


data bus. They should be used exclusively by all 8-bit devices 
to transfer data. Also, 16-bit devices should use these lines 
to transfer the low byte of a data word when the address line A0 
is low. These signals can be driven by an expansion board 
acting as a bus master. An expansion card should have no more 
than two low power Schottky loads (0.8 mA low, 400 uA high, 

90 pF) on this bus. 

SD8..SD15 1/0 These bidirectional signals are the high 8 bits of the system 
data bus. Also, 16-bit devices should use these lines to 
transfer the high half of a data word when the line SBHE- is 
low. They can be driven by an expansion bus board acting as a 
bus master. An expansion card should have no more than two Low 
power Schottky loads (0.8 mA low, 400 uA high, 50 pF) on 


this bus. 
BUSRDY 1/0 This input signal lengthens a bus cycle from its standard time 


when an expansion board cannot respond quickly enough. It 
should be pulled low by an open-collector device as soon as a 
slow-addressed device is selected and held low until the device 
has responded. Bus cycles are lengthened by an integral number 


of (BCLK) cycles. 
(Continued) 
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Table 2-6. (Continued) 


Signal 

Name 1/0 Description 

BURSDY 1/0 If a 16-bit device wants to add an additional wait state, then 
(Cont d) it must pull the BUSRDY low (inactive) before 1.5 CLK8 cycles 


after the falling edge of BALE. To add only one wait state, 
BUSRDY must return to the high state during the second CLK8 
cycle after the falling edge of BALE. If an 8-bit device wants 
to add an additional wait state, then it must pull the BUSRDY 
low (inactive) before 4.5 CLK8 cycles after the falling edge of 
BALE. To add only one wait state, BUSRDY must return to the 
high state during the fifth CLK8 cycle after the falling edge 

of BALE. The decode logic to drive BUSRDY should use the device 
address and MRDC-, MWIC-, IORC- or IOWC- as inputs. Synchronous 
peripherals usually use the falling edge of BCLK as the time to 
change the state of BUSRDY. This line should not be held low 
for more than 2.5 us. This line should be driven by an 
open-collector device capable of sinking 20 mA. 

DMA 0 When inactive (low), this output signal indicates that the CPU 
or other bus master has control of the bus. When active, the 
DMA controller has control of the bus. This signal is often 
used to disable devices that must not respond during a 
DMA cycle. 

SAO..SA19 I/0 These bidirectional signals address memory or I/0 devices within 
the system. They form the low-order 20 bits of the 24-bit 
address bus that the system offers. These lines are enabled 
onto the bus while BALE is high and are latched when BALE goes 
from a high to a low state. These signals can be driven by an 


expansion bus board acting as a bus master. 


RESDRV 0 This active high output signal resets the hardware during 
power-on or power failure. 

IRQ3..7 =~ These input signals interrupt the CPU to request some service. 

IRQ9..12 I The interrupt is recognized when a line goes from a low to a 

IRQ14,15 | high state and remains there until the appropriate interrupt 
service routine is executed. 

DRQO..3 ~—Ssi These input signals (Dma ReQuest) are used to request a DMA 

DRQ5 7 service from the DMA subsystem or to gain control of the system 


bus from the main CPU. The request is made when a line goes 
from a low to a high state and remains there until the 


appropriate DAKx (Dma AcKnowledge) line goes active. 
(Continued) 
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Table 2-6. (Continued) 


Signal 
Name 1/0 Description 
NOWS- I This input signal (No Wait State) informs the system that 


Standard wait states can be deleted for cycles when this signal 
is made active. If a 16-bit memory device wants to prevent the 
standard wait state then it must pull the NOWS- line low 
(active) before BCLK falls after the falling edge of BALE. 
(Note that this is not possible on 16-bit I/0 cycles because it 
is not known that an I/0 cycle exists until the required time. ) 
If an 8-bit device wants to prevent the standard wait states 
then it must pull the NOWS- line low (active) within one BCLK 
time from the falling edge of the command. 

NOWS- I The decode logic to drive NOWS- should use the device address 
and MRDC-, MWTC-, IORC- or IOWC- as inputs. If less than the 
four standard wait states normally used on 8-bit bus cycles is 
desired, then the NOWS- line can be used to provide 1, 2, or 3 
wait states by delaying the activation of NOWS-. The NOWS- line 
is sampled at approximately the falling edge of BCLK. It 
should be driven by an open-collector device capable of sinking 
20 mA. 

MRDC- 0 When low, this output signal (Memory Read) indicates that a 
memory device is to send data to the data bus. This signal is 
active over the address space from 00000000h to OOFFFFFFh. It 
may be driven by an expansion board acting as a bus master. 

MWTC- 0 When low, this output signal (Memory Write) indicates that a 
memory device is to accept the data from the data bus. This 
Signal is active over address space from 00000000h to OOFFFFFFh. 
It_may be driven by an expansion board acting as a bus master. 

SMWTC- 0 This output signal (Standard Memory Write) is active (low) only 
when an address from 000000h to OFFFFFh is decoded. This signal 
is derived from MWIC-. 

SMRDC- 0 This output signal (Standard Memory Read) is active (low) only 
when an address from 000000h to OFFFFFh is decoded. This signal 
is derived from MRDC-. 

IOWC- I This output signal (I/0 Write) indicates (when low) when an I/0 
device is to accept the data from the data bus. It can be 
driven by an expansion bus adapter acting as a bus master. 

IORC- 0 This output signal (I/0 Read) indicates (when low) when an I/0 
device is to send data to the data bus. It can be driven by an 


expansion board acting as a bus master. 


(Continued) 
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Table 2-6. (Continued) 


Signal 
Name 1/0 Description 
BCLK 0 This output signal allows synchronization with the main 


processor clock. Its frequency is approximately 8 MHz with a 
duty cycle of 50 percent. When BCLK’s phase is adjusted to 
match that of the cache controller, the high or low time wil] 
only be extended, not shortened. 

16 0 When high, this output signal indicates that the terminal count 
of a DMA operation has been reached. It should be decoded with 
the appropriate DAKx line for proper operation. 

BALE 0 When high, this output signal indicates that a valid address is 
present on the LAxx address lines. The LAxx address lines or 
any decodes developed from them should be latched at the 
falling edge of BALE. This line is always high when a DMA or 


bus master operation is occurring. 
OSC 0 This output signal is a clock for use in timing applications. 
Its frequency is 14.31818 MHz with a duty cycle of approximately 


90 percent. 

BHE- 0 When low, this output signal (System Bus High Enable) indicates 
that the high half of the SDx data bus should transfer the data 
on boards that support the full 16-bit data bus. It can be 
driven by an expansion board acting as a bus master. 

LA17..23 0 These output signals (Latchable Address) decode memory which 
must respond with 0 or 1 wait state or which is addressed above 
1 megabyte. They are guaranteed to be valid only when BALE is 
high. They can be driven by an expansion board acting as a 


bus master. 
M16- I This input signal (memory is 16 bits) notifies the system that 


the addressed memory is capable of transferring 16 bits of data 
at once. When this line is made active during a memory read or 
write, the standard, l-wait-state memory cycle is run. This 
line should be derived from the LAxx address lines. Do NOT 
decode the M16- line with any of the SAxx lines or BALE, for 
full compatibility with COMPAQ products. The M16- line must be 
correct before BALE goes inactive to insure that it is latched 
by the system board latch. Pulling this line low prevents the 
16-bit to 8-bit bus conversion logic from being activated. It 
should be driven low by an open-collector device capable of 


sinking 20 mA. 
| (Continued) 
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Table 2-6. (Continued) 


Signal 
Name 1/0 Description 
I016- I This input signal (1/0 is 16 bits) notifies the system that the 


addressed I/0 device is capable of transferring 16 bits of data 
at once. When this line is made active during an I/O read or 
write, the standard, 1 wait state I/0 cycle is run. The system 
board will only use this signal if the current cycle is an 

1/0 cycle. 


The addressed peripheral on the bus must pull the I016- line 

low as soon as the SAxx address is decoded and hold it low 

until the address becomes invalid. The IO16- line must be 
correct at the end of the first BCLK cycle after BALE goes away 
to insure that it is latched by the system board latch. Pulling 
this line low prevents the 16-bit to 8-bit bus conversion logic 
from being activated. This line should be driven low by an 
open-collector device capable of sinking 20 mA. 

GRAB- I This input signal indicates that a board-mounted bus master is 
controlling the bus. A board pulls this line low when the 
appropriate DAKx line is made active, signaling that a master 
request is granted. The system address, data, and control lines 
are floated, allowing the board to begin controlling them one 
full BCLK period after GRAB- becomes active. At least one more 
full BCLK period should be allowed after putting a valid address 
on the bus before activating any of the control lines. 


On release, the control lines should be driven inactive, then 
all lines should be floated. After this, the GRAB- and DRQx 
lines can be made inactive. 


This line should be driven by an open-collector device capable 


of sinking 20 mA. 


GND 0 These lines are connected to the system DC ground. The maximum 
current allowed on any single contact is 1.5 A. 
+5 VDC 0 These lines are connected to the system power supply for 5 V. 


In addition to the maximum power available from the supply, the 


maximum current allowed on any single contact is 1.5 A. 


-5 VOC 0 This line is connected to the system power supply for minus 5 V. 
This supply is intended for low current usage only. 

-12 VDC QO This line is connected to the system power supply for minus 
12 V. This supply is intended for low current usage only. 

+12 VDC 0 This line is connected to the system power supply for l2 V. 


The maximum current allowed on this contact is 1.5 A. 
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Table 2-7 shows the timing characteristics of the 8-/16-bit expansion bus. 


Table 2-7. 8-/16-Bit Expansion Bus Timing Characteristics 


Time 
Cycle (in nanoseconds) 
CPU 8-bit command active time (standard wait state) 540 
Minimum time between 8-bit commands 180 
Minimum time between 16-bit memory commands 120 
Minimum time between 16-bit I/0 commands 180 
CPU 16-bit memory command active (standard wait state) 240 
CPU 16-bit memory command active (no wait state) 120 
CPU 16-bit I/0 command active time (standard wait state) 180 
CPU extra wait state time 120 
Address access time from SAx address, 16-bit bus read cycle 238 
Address access time from SAO through SA19 addresses, 8-bit bus read 589 
Access time from BALE active, 16-bit bus read 250 
MRDC- access time, 16-bit bus read 189 
IORC- access time, 16-bit bus read 129 
MRDC-, IORC- access time, 8-bit bus read 486 
SMRDC- access time, 8-bit bus read 468 
Data hold time from MRDC-, IORC- 3 
LAx address valid to 16-bit memory command set-up 125 
LAx address valid to M16- active requirement 106 
BALE valid to 16-bit memory command set-up 49 
BALE valid to required M16- 28 
SAx_address valid to 16-bit memory command set-up 40 
SAx_address valid to I/0, 8-bit command set-up 95 
SAO through SA19 address hold from MRDC- or IORC- 29 


NOTE: A standard wait state occurs if the device being accessed does not specify 


the number of wait states that should be generated by the system. 
(Continued) 
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Table 2-7. (Continued) 


Time 
Cycle (in nanoseconds) 
SAO through SA19 address hold from MWIC- or IOWC- 29 
CPU write data set-up to MWIC- active, 16-bit bus memory 2 
CPU write data set-up to IOWC- active (even address or 16 bit) 64 
CPU write data valid after MWIC-, IOWC- active, 8-bit bus (odd address) -57 
CPU write data set-up to MWIC-, IOWC- inactive, 16-bit bus memory 252 
CPU write data set-up to MWIC-, IOWC- inactive, 8-bit bus memory 
low byte 496 
CPU write data set-up to MWTC-,IOWC- inactive, 8-bit bus memory 
high byte 503 
Refresh MRDC- active time 240 
Refresh address set-up to MRDC- active 75 
Refresh address hold after MRDC- active -5 
Maximum allowed delay for refresh wait state BUSRDY low from 
MRDC- active 81 
Refresh wait state BUSRDY set-up to BCLK rising edge 2] 
CPU memory or I/0 command wait state BUSRDY high set-up to 
BCLK rising edge 25 
Maximum allowed delay for CPU 16-bit memory command wait state 
BUSRDY low from command active 84 
Maximum allowed delay for CPU 16-bit I/0 command wait state 
BUSRDY low from command active 30 
Maximum allowed delay for CPU 8-bit command wait state BUSRDY 
low from command active 390 
CPU minimum command active from BUSRDY high after added wait state 130 
CPU maximum command active from BUSRDY high after added wait state 290 
Maximum no wait state delay from MRDC- or MWIC- 16-bit memory 25 
Maximum DMA memory read and I/O write command additional wait state 
BUSRDY low delay from memory read command active 205 
Maximum DMA I/O read and memory write command additional wait state 
BUSRDY low delay from I/0 read command active 253 
DMA MRDC- active time 480 
DMA IORC- active time 720 
DMA MWIC-, IOWC- active time 380 


NOTE: A standard wait state occurs if the device being accessed does not specify 
the number of wait states that should be generated by the system. 


(Continued) 
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Table 2-7. (Continued) 


Time 
Cycle (in nanoseconds) 
System memory read access time from MRDC- (non-CPU write cycles) 230 
Data valid after MWIC- low for system RAM (non-CPU cycles} 63 
Required I/0 data access time from IORC- for DMA write to RAM 303 
Data valid after IQWC- low during DMA read from RAM 179 
Data set-up to IOWC- high during DMA read from RAM 221 


NOTE: A standard wait state occurs if the device being accessed does not specify 


the number of wait states that should be generated by the system. 


Figures 2-10 and 2-11 illustrate the role of the system bus control logic by 
showing a number of 8- and 16-bit 8-MHz bus cycles relative to typical CPU cycles 
at the 25-MHz rate. 


It is this function--translating the CPU cycles and signals into those 
compatible with the 80286 expansion bus--that makes the COMPAQ DESKPRO 386/25 
Bus Controller an essential factor in ensuring compatibility with existing 
hardware expansion products. 
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system Bus Arbitration 


In the COMPAQ DESKPRO 386/25, a number of functions require access to the system 
bus. These functions include RAM refresh, DMA operations, bus master operations, 
and cache controller operations. Bus arbitration is required when two or more 
functions simultaneously request access to the bus. 


In normal operation, the cache controller keeps control of the system bus to give 
the fastest access to memory, in the case of a cache miss. or all write 
operations. If another function requires use of the bus, then it requests it from 
the cache controller. 


NOTE: In previous systems, the CPU held the bus and other functions were 
required to make requests from the CPU. 


External bus masters use the DMA system for arbitration between themselves and DMA 
devices (such as the diskette). These are prioritized in order of the channel 
number. The channels are assigned by the design or jumper settings of each 
expansion bus adapter. DRQO (Data ReQuest 0) has the highest priority and DRQ7 the 
lowest. The priority is only important in the case of simultaneous requests. In 
this case, the highest priority device is serviced first. 


The DRAM refresh system and the DMA system are separately prioritized, they both 
have the same priority and operate on a first come, first served basis. This is 
set up such that, if one device has been granted the bus, and the other is waiting 
for service, the second will be granted access immediately after the first without 
the cache controller regaining access. 


The maximum time (latency) it takes for a grant from a DMA request depends on 
several factors. 


The first is other DMA activity. If several other DMA channel's are awaiting 
service, then the lowest priority channel must wait for the others to 
complete first. 
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In the normal case, the DMA controllers are programmed for single byte operations. 
The bus is returned to the cache controller (or refresh controller if a refresh 
request is pending) between each operation by the DMA controller. If the cache 
controller has cycles to run, it will run a bus cycle in between each DMA request. 


The second thing affecting DMA latency is refresh. If a refresh is in 

progress when a DMA request is received, it will finish. If several DMA 
channels are awaiting response, refresh will be granted in between the individual 
channel grants. 


The last thing affecting latency is the cache controller's use of the bus. Any 
cache controller access in progress will be completed. This includes up to 
double-word access from an 8-bit bus, and any accesses that are ‘locked’ by the CPU 
(either by the software LOCK instruction, or automatically). 


If any of the DMA or cache operations have additional wait states (as with screen 
memory operations), then the latency will go up accordingly. 


The maximum time normally observed has been in excess of 12 us, the average is much 
lower, between 1-2 us. 
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I/O Subsystem 


The COMPAQ DESKPRO 386/25 can use 16 address lines (A<15..0>) and the control lines 
to specify up to 64K I/0 locations. 


I/O addresses on the system board range from 000h to OFFh. I/0 addresses on 
expansion boards range from 100h to 3FFh. 


Address line A31 is also decoded to provide I/0 ports 800000F8h to 800000FFh for 
the coprocessor. A31l is normally 0 for 8- and 16-bit port I/0 associated with the 
expansion bus. 


Address lines A31, A30, and A29 are decoded to provide the memory mapped I/0 range 
for the Weitek from C0000000h to COOOOFFFFh. This range is also above the 
supported 16-megabyte memory address ranges. 


Expansion boards (for memory, disk, and video) must have their own I/0 decoding for 
the I/O0-mapped devices on that board. The decoding is described in the chapter on 
each specific device. 
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Figure 2-12 is a simplified block diagram of I/0 address decoding for the 
system board. 
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Figure 2-12. I/0 Address Decoding Simplified Block Diagram 
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2.4 SYSTEM BOARD 
PROGRAMMABLE 
DEVICES 


The COMPAQ DESKPRO 386/25 BIOS (basic input/output system) controls the following 
system board programmable devices: 


= Direct Memory Access (DMA) Controllers 

= DMA Memory Page Register 

= Interrupt Priority Encoder 

= Interval Timer 1 and 2 

= Keyboard Controller (Intel 8042 microcomputer) 

= Real-Time Clock and Configuration Memory Device 

= Coprocessor (optional, either Intel 80387 or Weitek) 
= System ID Register 


These devices are all 1/0 mapped, except the Weitek coprocessor which is memory 
mapped above the normal memory space. 


Chapter 4, “Software Aspects and BIOS", describes the COMPAQ DESKPRO 386/25 BIOS. 
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Table 2-8 summarizes the port addresses used by the programmable devices on the 
system board. 


Table 2-8. System Board I/0 Map 
Address Bits 


Port 98 7654 3210 = £4z0evice 

000h. .00Fh 00 O000X YYYY  8237A-5 Byte DMA Controller 

O020h. .021h 00 O001X XXX Y_ 8259A Interrupt Controller 1 

040h 00 010X 0000 _- Programnable Interval Timer 1, 
8254-2 System Clock (Counter 0) 

041h 00 010X 0001. &42Programmable Interval Timer 1, 
8254-2 Refresh Request (Counter 1) 

042h 00 010xX 0010 Programmable Interval Timer 1, 
8254-2 Speaker Tone (Counter 2} 

043h 00 010X 0011 ~~ 2Programnable Interval Timer 1, 
8254-2 Command Mode Register 

048h 00 010xX 1000 _- Programmable Interval Timer 2, 
8254-2 Failsafe Clock (Counter 0) 

049h 00 010xX 21001 -~ £=Programmable Interval Timer 2, 
8254-2 Not Used (Counter 1) 

O4Ah 00 010xX 1010. Programmable Interval Timer 2, 


8254-2 Refresher Request Extend, 


Speed Control (Counter 2) 
O4Bh 00 010xX 1011 -~~° Programmable Interval Timer 2, 


8254-2 Command Mode Register 


060h 00 0110 00X00 - 8042 Data I/0 Register 
O61h 00 0110 #0XX1 NMI Status (see NMI Interrupts) 
064h 00 0110 01X00 8042 Status/Command Register 
070h 00 0111 #0XX0_~ RIC Address Register Data 

(bits <6..0>) 
070h 00 0111 0XX0_ NMI Enable Register (bit <7> = 0) 
07 1h 00 0111 #0XX1_ RIC Data I/0 Register 
O80h 00 100X 0000 _ £4DMA Page Register Reserved 
O81h 00 100xX 0001 __ DMA Page Register CH 2 Page 
O082h 00 100X 0010 __ DMA Page Register CH 3 Page 


NOTES: X = Don t care. The value of these bits do not affect the I/0 
address decoding. 
Y = Register dependent 


(Continued) 
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Table 2-8. (Continued) 
Address Bits 
Port 98 7654 3210 = #£40evice 


083h 00 100xX 0011 __ODMA Page Register CH 1 Page 
084h 00 100xX 0100 __ DMA Page Register Reserved 
085h 00 100xX 0101 __ DMA Page Register Reserved 
O86h 00 100X 0110 __ DMA Page Register Reserved 
087h 00 100xX 0111 __ DMA Page Register CH 0 Page 
O088h 00 100X 1000 _ DMA Page Register Spare 
089h 00 100xX 10041 __ODMA Page Register CH 6 Page 
O8Ah 00 100X = 1010 __DMA Page Register CH 7 Page 
O8Bh 00 100xX 10141 DMA Page Register CH 5 Page 


OAOh. .OALh 00 101X XXX Y __8259A Interrupt Controller 2 
OCOh. .OCFh 00 110Y #\YYYX  8237A-5 Word DMA Controller 


OFOh 00 111X OXX0 Clear 80387 Busy 
OF 1h 00 111X 0O0XX1 ~~ #424Unused, No effect 
OF8h..OFFh or 
800000F8h..800000FFh OO 1111 + #1/Y YX 80387 Command Ports 
NOTES: X = Don't care. The value of these bits do not affect the I/0 
address decoding. 
Y = Register dependent 
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Table 2-9 gives the general memory map for the COMPAQ DESKPRO 386/25. 


Table 2-9. system and Controller Boards Addresses 


Address Range Function 


(Hex) Addressed 
000. .O1F DMA Controller 1 
020. .03F Interrupt Controller 1 
040. .047 Interval Timer 1 
048. .05F Interval Timer 2 
060. .06F 8042 Keyboard Controller 
070..07F Real-Time Clock, NMI 
080. .08F DMA Page Registers 
OAO. .OBF Interrupt Controller 2 
OCO. .ODF DMA Controller 2 
OFO..OFF Coprocessor 
170. .177 Fixed Disk Controller 2 
1FO. .1FF Fixed Disk Controller 
200. .207 Game Controllers 
2F8..27F Parallel Port 2 
2F8..2FF Serial Port 2 
300. .31F Not Used 
370. .377 Diskette Controller 2 
378. .37F Parallel Port 1 
380. .38F Not Used 
3A0. .3AF Not Used 
3B0..3BB Monochrome Adapter other than COMPAQ (MOA) 
3BC. .3BF Parallel Port 
3C0. .3CF COMPAQ Video Graphics Board (VGA) 
3D0. .3DF COMPAQ Video Display Controller Board (CGA) or 
Video Color Graphics 
3F0..3F/ Diskette Controller 
3F8..3FF Serial Port 1 
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DMA Operations 


Direct Memory Access (DMA) is a method of directly accessing memory without 
involving the CPU. DMA is normally used to transfer blocks of data to or from an 
I/O device. DMA reduces the amount of CPU interactions with memory, freeing the 
CPU for other processing tasks. 


The system includes two DMA controllers arranged identically to those in 
80286-based systems. These controllers handle and assign priority to DMA requests 
from I/0 peripherals on the expansion bus. A complete set of page registers is 
also provided for handling the high order of the DMA address. Two types of DMA 
operations are supported: byte and word operations. 


Table 2-10 lists the DMA channels and their functions. 


Table 2-10. DMA Channels Assigned to the Controllers 


Channel Function 
Controller 1--Byte Transfers: 
0 Spare | 
l Spare 
2 Diskette Data Transfers 
3 Spare 
Controller 2--Word Transfers: 
4 Cascade for Controller 1 
5 Spare 
6 Spare 
] Spare 


All four channels (designated 0, 1, 2, and 3) of Controller 1 are dedicated to 
performing byte DMA operations. Of the four channels (designated 4, 5, 6, and 7) 
of Controller 2, channels 5, 6, and 7 are dedicated for word DMA operations. 
Channel 4 is a cascade for Controller 1. Thus, all HOLD requests for Controller 1 
are processed via channel 4 of Controller 2. This causes all channels in 
Controller 1 (channels 0, 1, 2, and 3) to operate at a higher priority than those 
in Controller 2 (channels 5, 6, 7). Channel 4 of Controller 2 is not available for 
normal DMA. 


a a a ne ee 
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DMA Controller 


The system board uses two DMA controllers, with four bidirectional data channels 
each. The DMA controllers operate at 4 MHz (DCLK). 


The DMA controllers hold (or define) only 16 bits of the 24-bit address. The other 
8 address bits are contained in the DMA Memory Page register. See the following 
subsection “DMA Memory Page Register’ for more information. 


DMA Controller 1 is used for byte (8-bit) data transfers. DMA Controller 2 is used 
for word (16-bit) data transfers. Unlike the CPU, DMA Controller 2 can transfer 


words only on an even address boundary. 


Together the DMA controller and page register define a 24-bit address that allows 
data transfers within the 16-megabyte address space of the COMPAQ DESKPRO 386/25. 
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Figure 2-13 shows how the memory address is derived. 


24—Bit Address — Controller 1 — Byte Transfers 


Page Register DMA Controller 
8—Bits 16—Bits 


A253 ~t——_® A16 ee A 





25—Bit Address — Controller 2 — Word Transfers 


DMA Controller Always @ 
16—Bits 


Page Register 
/=BitsS 


Alo AQ 


A235 <\— Al1/ 





Figure 2-13. Memory Address Derived from Page Register and DMA Register Contents 
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A16 from the DMA Memory Page Register is disabled when DMA Controller 2 is 
selected. AO is not connected to DMA Controller 2. AQ is always O when 
word-length transfers are selected. Not connecting AO means: 1) that the size 
of the block of data that can be moved or addressed is measured in 16-bit words, 
rather than 8-bit bytes and 2) the words must always be on an even boundary. 


DMA Controller 1 can move as much as 64 Kbytes of data per DMA transfer. 
DMA Controller 2 can move as much as 64K words, or 128 Kbytes of data per 


DMA transfer. 


Word DMA operations are only possible between word memory (16- or 32-bit) and 
word peripherals. 


DMA Memory Page Register 
The DMA memory page register contains the eight most-significant bits of the 24-bit 
address. It works in conjunction with the DMA controllers to define the complete 
(24-bit) address for the DMA channels. 


Table 2-11 gives the port address assigned to each page register. 


Table 2-11. Port Addresses for DMA Channels 


DMA Channel Page Register 1/0 Port Address 
0 087h 
1 083h 
2 O81h 
3 082h 
4 None 
5 O8Bh 
6 089h 
7 O8Ah 
Refresh O8Fh (see note) 


NOTE: The DMA memory page register for the refresh channel must be programmed with 


00h for proper system operation. 


See ee cca zt 
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The DMA controllers are complex devices with several registers for commands and 
status. For information, refer to the subsection entitled “DMA Controller. Also, 
refer to the subsection “Reset Pointer Flip-Flop. for an explanation of 16-bit data 
transfers to the DMA controllers. 


Table 2-12 shows the I/O-map and the commands and formats of the registers. 


Table 2-12. DMA Controller Registers 
Port Address 


Register Function Bits Controller 1 Controller 2 Read/Write 
Status 8 008h ODOh Read 
Command 8 008h ODOh Write 
Mode 6 OOBh OD6h Write 
Write Single Mask Bit 4 OOAh OD4h Write 
Write All Mask Bits 4 OOFh ODEh Write 
































software DRQx Request 4 009h ODZ2h Write 
Base and Current Address - CH 0 16 000h OCOh Write 
Current Address - CH 0 16 000h OCOh Read 
Base and Current Word Count - CHO 16 001h OC2h Write 
Current Word Count - CH 0 16 O0lh OC2h Read 
Base and Current Address - CH 1 16 002h O0C4h Write 
Current Address - CH 1 16 002h 0C4h Read 
Base and Current Word Count - CH 1 16 003h OC6h Write 
Current Word Count - CH 1 16 003h OC6h Read 
Base and Current Address - CH 2 16 004h OC8h Write 
Current Address - CH 2 16 004h OC8h Read 
Base and Current Word Count - CH 2. 16 005h OCAh Write 
Current Word Count - CH 2 16 005h OCAh Read 
Base and Current Address - CH 3 16 006h OCCh Write 
Current Address - CH 3 16 006h OCCh Read 
Base and Current Word Count - CH 3 16 007h OCEh Write 
Current Word Count - CH 3 16 007h OCEh Read 
Temporary 16 00Dh ODAh Read 
Reset Pointer Flip-flop (note) 00Ch OD8h Write 
Master Reset (note) 00Dh ODAh Write 


Reset Mask Register (note) O0Eh ODCh Write 
NOTE: This is not a register, but a direct command to the DMA Controller. 
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Transferring Data from Memory to 
Memory 


The hardware does not support memory-to-memory block transfers. 


Transferring Data from I/O Devices 
to Memory 


DMA controllers and I/0 devices use the DRQx and DAKx signals as “handshaking . 
When an I/O device has a byte or word of data to send, the I/0 device makes its 
DRQx line active. When the DAKx line from the DMA controller goes active and the 
IORC- line goes active, the device puts its data on the data bus. When an I/0 
device needs a byte or word of data from memory, the I/O device makes its DRQx line 
active. When the DAKx line from the DMA controller goes active and the IOWC- line 
goes active, the device latches the data on the data bus. 


The following pages contain descriptions of the various registers. 


Status 


The Status register bits are set (= 1) to indicate that a channel has requested DMA 
access or that a DMA process is completed. 


BIT 
76543210 
L— 1 = CH O DMA process completed 


= 


1 = CH 1 DMA process completed 
1 = CH 2 DMA process completed 
1 = CH 3 DMA process completed 
1 = CH O DMA requested 
1 = CH 1 DMA requested 
1 = CH 2 DMA requested 


1 = CH 3 DMA requested 
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Command 


The Command register bits control the DMA operation. All bits are reset (=0) by 
the master clear instruction or a system reset. This register must be programmed 
to 00 for proper system operation. 


BIT 
76543210 


= 
1 
0 
0 
1 
X 
0 
1 
0 


COMPAQ DESKPRO 386/25 Personal Computer 


Memory-to-memory disabled 
Memory-to-memory enabled 


-— © 
Hot 


CH 0 address hold disabled 
CH 0 address hold enabled 


-— © 


Controller enabled 
Controller disabled 


© 


Normal timing 
Compress timing 
If bit <0> = 1 


~< - © 
Ho ow 


Fixed priority 
Rotating priority 


p— 


Late write selection 
Extended write selection 
If bit <3> = ] 


DRQx sense active high 
DRQx sense active low 


DAKx sense active low 
DAKx sense active high 


— 
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Mode 


Each channel has a 6-bit register associated with it. The first 2 bits of the byte 
written to this register specify which channel is being selected. These registers 
specify the operating mode for each channel. 


BIT 
76543210 


az 00 

Ol 

10 

ll 

00 

01 

10 

ll 

XX 

| 0 
= l 

00 


01 
10 
11 


Select C 


Hot Wot 
— 
om 
| 
~ 
2) 
ct 
2) 
ae, ele ok, 2: 
WM ke © 


Verify transfer 
Write transfer 
Read transfer 
Illegal 

If bits <7..6> = 11 


Auto-initialization disabled 
Auto-initialization enabled 





Address increment selected 
Address decrement selected 


— © 
Hol 


DEMAND mode selected 
SINGLE mode selected 
BLOCK mode selected 

CASCADE mode selected 


If the BLOCK or DEMAND mode is selected for a channel, the total transfer time must 
not exceed 15 microseconds (us) or RAM will not be properly refreshed. 
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Write Single Mask Bit 


This command sets (=1) or resets (=0) a single mask bit. When a mask bit is set, 
DRQx for that channel is disabled. The Write All Mask Bits command can set or 
reset all the mask bits. 


BIT 
76543210 

00 = Select CH 0 mask bit 
O1 = Select CH 1 mask bit 
10 = Select CH 2 mask bit 
11 = Select CH 3 mask bit 
O = Reset mask bit 

1 = Set mask bit 


00000 (not used) 


Write All Mask Bits 


This command sets (=1) or resets (=0) all the mask bits. When a bit is set, DRQx 
for that channel is disabled. The Write Single Mask Bit command can set or reset a 
single mask bit. 


BIT 
76543210 

L_. QO = Reset CH O mask bit 
1 = Set CH O mask bit 
QO = Reset CH 1 mask bit 
1 = Set CH 1 mask bit 
QO = Reset CH 2 mask bit 
1 = Set CH 2 mask bit 
0 = Reset CH 3 mask bit 
1 = Set CH 3 mask bit 


0000 (not used) 


a a rr OOo OO 


COMPAQ DESKPRO 386/25 Personal Computer 





Technical Reference Guide 2-65 





Software DRQx Request 


The DMA controller can respond to software requests for DMA as well as hardware 
requests from DRQx lines. The channel must be in the BLOCK mode, and the 
appropriate registers (base addresses and so forth) must be set before initiating 
this request. 


BIT 
76543210 

Ll 99 = Select CH 0 mask bit 
01 = Select CH 1 mask bit 
10 = Select CH 2 mask bit 
11 = Select CH 3 mask bit 
QO = Reset request bit 
1 = Set request bit 


00000 (not used) 


Base and Current Address - Channels 0-3 


These 16-bit registers specify the starting destination address for the memory 
transfer. This is a write-only register. The two bytes are loaded into these 
registers as a two-part operation. The first write to this register loads the 
eight least-significant bits (lower byte). The second consecutive write loads the 
eight most-significant bits (upper byte). See the Reset Pointer Flip-flop command. 


Base and Current Word Count - Channels 0-3 


These 16-bit registers specify the number of words to be transferred. The number 
of word transfers that can occur is one more than the specified number. This is a 
write-only register. The 16-bit contents are loaded into these registers as a 
two-part operation. 


The first write to this register loads the eight least-significant bits. The 


second consecutive write loads the eight most-significant bits. See the Reset 
Pointer Flip-flop command. 


COMPAQ DESKPRO 386/25 Personal Computer 


Ts! ik 
eff 
“| 2-66 System Board 


Current Address (READ) - Channels 0-3 


These 16-bit registers specify either the current address or the destination 
address for the next data transfer. This address is the same as the base address 
plus address increments or decrements made after each data transfer. These are 
read-only registers. The 16-bit contents are read from these registers as a 
two-part operation. The first read from this register returns the eight 
least-significant bits. The second consecutive read returns the eight 
most-significant bits. See the Reset Pointer Flip-flop command. 


Current Word Count - Channels 0-3 


This register indicates the number of words remaining to be transferred. These are 
read-only registers. The 16-bit contents are read from these registers as a 
two-part operation. The first read from this register returns the eight 
least-significant bits. The second consecutive read returns the eight 
most-significant bits. See the Reset Pointer Flip-flop command. 


Temporary 


This register is not used in this hardware configuration. 


Reset Pointer Flip-flop 


This is a direct command to the DMA controller to reset the pointer flip-flop that 
keeps track of 16-bit data transfers. This command is given to reset the pointer 
to a known state so that the DMA controller will load the high- and low-order bytes 
in the proper sequence. Use this command before writing a 16-bit base address or 
other 16-bit command or data to the DMA controller. 


Master Reset 


This is a direct command to the DMA controller to reset the DMA controller. It 
has the same effect as a hardware reset; the Command, Status, Request, Temporary, 
and Pointer Flip-flop registers are reset (=0), and the Mask register bits are 
set (=1). 
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Reset Mask 


This is a direct command to the DMA controller to reset the mask register, enabling 
all four channels to receive DRQs (data requests). 


Refresh Operations 


The RAM refresh is designed to perform a memory read cycle on each of the 1024 
addresses in the DRAM memory space. Refresh operations are used to refresh memory 
on the 32-bit memory bus and the 8-/16-bit expansion bus. In order to simplify the 
design of 8-/16-bit memory expansion boards and 32-bit memory, the refresh address 
1s provided by SAQ to SA7 and SA8 and SAS are driven to the signal states of SA0 
and SAl, respectively. SA10 and SAll have two additional counter bits allocated 
for future RAM refresh requirements. The remaining addresses are in an undefined 
state during the refresh cycle. The refresh operations are driven by a 
69.799-kilohertz (kHz) clock rate generated by programmable timer counter 1 of 8254 
number 1. The refresh rate is 128 refresh cycles in 2.038 milliseconds (ms). 





Interrupt Controllers 


The 80386 processor has two signals for interrupts, labelled NMI (nonmaskable 
interrupt) and INTR (maskable interrupts). A nonmaskable interrupt cannot be 
masked off within the processor, but can be masked under software control by 
external hardware on the system board. A maskable interrupt can be enabled or 
disabled by the processor. 


The interrupt controllers are located on the I/0 data bus (which is buffered from 
the expansion bus) of the system board. 
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Nonmaskable Interrupts (NMI) 


NMI interrupts are caused by: 


= Parity errors on the 32-bit memory board, memory boards on the expansion bus, 
or any expansion boards that pull the IOCHK- line low 


= Timeout of the fail-safe timer channel 2 on interval timer 2 


= System software generating a software interrupt to the NMI routine (BIOS 
call) such as redirection of the coprocessor exception interrupt 


When an NMI interrupt is caused by hardware, port 61h indicates the source of the 
interrupt. Bits set to 1 in port 061h show which device requested an NMI 
interrupt. After the NMI interrupt routine processes the interrupt, the NMI status 
bits </7..6> are reset. 


If bit <6> is set, the interrupt comes from the hardware IOCHK- line. To reset the 
hardware IOCHK- latch, pulse bit <3> of port 61h high. 


If bit </> is set, the interrupt comes from the fail-safe timer (interval timer 2). 
To reset the fail-safe timer interrupt latch bit, pulse bit <2> of port 61h high. 


The bit values for port 061h are shown in the next bit map. 


em ma eee... 
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Port O61h 


BIT 
76543210 


L_ Gate signal for interval timer 1, counter 2 (speaker) 
O = Counter 2 disabled 
1 = Counter 2 enabled, read and write 


Speaker data, read and write 


Fail-safe NMI enabled 
Fail-safe NMI disabled and cleared, read and write 


IOCHK- NMI enabled 
IOCHK- NMI disabled and cleared, read and write 


RAM refresh occurring now 
RAM not in refresh cycle, read only 


h © - © — © 


State of interval timer 1, counter 2 output signal (speaker), 
read only 


No NMI interrupt from IOCHK- 
IOCHK- is low (active), NMI interrupt requested, read only 


No NMI interrupt from fail-safe timer (HITIM- signal} 
HITIM- is low (active), NMI interrupt requested, read only 


-—-O FO 


The mask register for the NMI interrupt is at I/0-address 070h shown below. The 
most-significant bit enables or disables the IOCHK- and fail-safe timer interrupts. 
Write an 80h to port /0h to mask the NMI signal. This port is shared with the 
real-time clock and configuration memory device (the lower 6 bits). Do not modify 
the contents of this register without considering the effects on the state of the 
other bits. 
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Port 070h 
BIT 
imam Real-time clock 
Reserved, always set to zero 
QO = NMI enabled 
1 = NMI disabled 


Interrupts (INTR) 


All hardware interrupts to the system bus are channeled through the interrupt 
controllers. These devices generate interrupts on the interrupt line (INTR), which 
can be masked in the CPU with the CLI instruction. 


The interrupt controllers are 8-input devices that can accept interrupt signals 
from several devices, assign priorities to them, and interrupt the processor. The 
processor then automatically reads the interrupt controller to determine the source 
of the highest-priority interrupt and calls the appropriate interrupt routine. 


Two interrupt controllers (a master and a slave) are used so that 15 levels of 
interrupt are possible. The slave (interrupt controller 2) interrupts the master 
(interrupt controller 1) to cause an interrupt. Interrupt controller 1 can be 
programmed in the fully nested mode, so that interrupt controller 2 sends the 
correct interrupt vector to the CPU for the source of the interrupt. 
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Figure 2-14 shows a diagram of the interrupt controller circuit. 


Tick Counter, IRQQ@ 





SYSTEM BUS Keyboard, IRQ1 
62—Pin Connector 2 
Secondary Comm IRQS Controller 4 
Primary Comm IRQ4 ar (Master) INTR To 80286 
fs aid 
Secondary Printer IRQS ne 
Diskette IRQ6 
Primary Printer IRQ7 a ae: 
© 
~ 
oO 
O 
Y—) 
O 
O 


SYSTEM BUS RTC, IRQ8 INTR 


36—Pin Connector 


Not Used IRQ10 


Controller 2 
(Slave) 


Not Used IRQ12 


Not Used IRQ11 Interrupt 
5 


80387 Error, IRQ13 





eee em Po 
7 
Not Used IRQ15 


Figure 2-14. Interrupt Controller Circuit Functional Block Diagram 
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The base I/0 address for interrupt controller 1 is 020h; for Interrupt Controller 
2, OAOh. Table 2-13 lists the initial interrupt controller values set up at 
power-on by the BIOS. 


Table 2-13. Initial Interrupt Controller Values 


Port Value Description of Contents 

020h Lih CntIr 1, ICWl 

O21h O8h Cntlr 1, ICW2 vector address for 000020h 

O21h 04h Cntlr 1, ICW3 indicates slave connection 

O21h Olh Cntlr 1, ICW4 8086 mode 

OAOh Lih CntIr 2, ICWl 

OAlh 70h Cntlr 2, ICW2 vector address for 0001COh 

OAlh 02h Cntlr 2, ICW3 indicates slave ID 

OAlh Olh Cntir 2, ICW4 8086 mode 

O21h B8h CntIr 1, Interrupt mask (may vary with option} 
OAlh BDh Cntir 2, Interrupt mask (may vary with option) 


Table 2-14 lists the 16 possible sources for an interrupt and their priorities. 
The highest-priority interrupt is processed first. 


Table 2-14. Interrupts and Their Priorities 


Priority Label Controller Typical Interrupt Source 
l NMI (note) Parity error detected 
2 IRQO l Interval timer 1, counter 0 output 
3 IRQ1 1 Keyboard 
IRQ2 l Interrupt from controller 2 
4 IRQ8 2 Real-time clock 
5 IRQS 2 Expansion bus pin B04 (designated IRQ2 
on 8086-/8088-based systems) 
6 IRQ10 2 Expansion bus pin D03 
] IRQ11 2 Expansion bus pin D04 
8 TRQ12 2 Expansion bus pin DO05 


NOTE: The NMI signal is controlled through I/O port 070h, bit <7>. 
NMI also handles the fail-safe timer. 


(Continued) 
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Table 2-14 (Continued) 


Priority Label Controller Typical Interrupt Source 


9 IRQ13 2 Coprocessor error 
10 IRQ14 2 : Fixed disk drive control ler--expansion 


bus pin D007 


2 
l 
13 IRQ4 l serial port 1--pin B24 
1 
1 


15 IRQ6 Diskette drive controller (B22) 


16 IRQ7 l Parallel port 1--pin B2l 
NOTE: The NMI signal is controlled through I/0 port 070h, bit </>. 


NMI also handles the fail-safe timer. 


Interrupt Controller 
Programming Examples 


The following example illustrates an end-of-interrupt (EOI) sequence: 


mov al, 20h - Get EOI value 
out 20h, al - Send EOI command to 
- §8259A OCW3 


The following example masks IRQ2. IRQ2 is masked by setting bit <2> to 1 in the 


8259A OCWl. 

cli ; Mask all interrupts 

in al,2lh ; Get current mask from OCW1l 
or al,Q00000100b ; Bit <2> is IRQ2 

out 21h, al ; Qutput mask value to OCWl 
sti ; Reenable all interrupts 
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Fail-Safe Timer 


The Fail-Safe Timer output signal can be independently enabled or disabled via 
the I/0 port 61h bit <2>. The state of the interrupt latch may be cleared by 
momentarily setting the fail-safe timer state to 1. 


To prevent the fail-safe timer from generating an interrupt, the state of the 
enable latch must be set to 1 to disable the interrupt. 


This interrupt can be used by operating systems to prevent the system from 
locking up. 


The fail-safe timer may be totally disabled by setting switch SW1-1 to an 
OFF position. 


Interval Timers 


The purpose of a programmable interval timer is to generate pulses at 
software-controllable intervals. 


The system board has two interval timers. Each provides three counters for the 
system. The three counters count down a 16-bit value at a rate as high as four 
million counts-per-second and give an output frequency, or a pulse on the OUT pins. 


Interval timer 1, counter 0 is connected to the interrupt controller 1 IRQO, and 
provides a system timer interrupt for a time-of-day, diskette time-out, or other 
system timing functions. Counter 1 generates a refresh-request signal. Counter 2 
generates the tone for the speaker. This timer is included in an ASIC. 


Interval timer 2, counter 0 is the ‘fail-safe timer’ that can generate interrupts 
on the NMI line. The interval timer 2, counter 0 output is enabled or disabled 
by DIP switch 1 on the system board. Counter 1 is not used. This timer is 
discrete 8254. 


Interval timer 2, counter 2 is used to extend the refresh-request period. Counter 
2 is placed in the one-shot mode, and is triggered by the refresh-request signal. 
If the SLOWD- signal from the 8042 keyboard controller is active, then the counter 
2 output will stop the CPU for the programmed period of the one-shot every time a 
refresh occurs. The one-shot timeout period has 250-ns increments, with a range of 
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Olh to 32h. To enable the one-shot, select Mode 1 (one-shot) operation by writing 
OUT 4Bh, 92h. To specify a time-period, write OUT 4Ah, xxh, where xxh is a value 
between Olh and 32h (see Table 2-16). 


Because the interval timer 2, counter 2 function depends upon the refresh-request 
Signal from another interval timer counter, changing the refresh-request frequency 
will affect the period of the counter 2 output signal. 

Timer 2 counter 2 is configured for the one-shot mode and is not enabled (that is, 
a counter value is not programmed) until a speed reduction in the system is 
required. At such time the value programmed depends on the system speed desired. 


Table 2-15 lists the interval timer functions. 


Table 2-15. Interval Timer Functions 


Counter 0 Counter 0 
Function System Timer Fail-safe Timer 
Gate Always on Always on 
Clock In 1.193 MHz 1.193 MHz 
Clock Out 8259A IRQO NMI Interrupt (HITIM-signal } 
Counter 1 Refresh Request Counter 1 Reserved 
Gate Always on Not used 
Clock In 1.193 MHz 1.193 MHz 
Clock Out Request refresh (REFCK) Not used 
Counter 2 Speaker Tone Counter 2 Speed Control 
Gate Programmable (Port 61h) 8042 SLOWD- signal 
Clock In 1.193 MHz 4 MHz (DCLK) 
Clock Out Speaker input HOLD delay SLOWQ- 


Interval Timer 1 


Interval Timer 2 


The COMPAQ DESKPRO 386/25 system speed can be set to values that correspond to the 
equivalent speeds of the 6-MHz and the 8-MHz 80286-based products. These values 
can be entered with the MODE command, MODE SPEED=xx. 
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"Set System Speed” BIOS function INT 16, AH = FOh is used to simulate the 
computing speed (that is, the processor/memory system speed) of other personal 
computer products. The range of speed values is from 1 to 50, where 50 
approximates the full COMPAQ DESKPRO 386/25 speed. The command MODE SPEED=COMMON 
selects the 6-MHz 80286-based product equivalent speed; MODE SPEED=FAST selects 
the 8-MHz 80286-based product equivalent speeds. Table 2-16 lists some system 
Speed values. 


Table 2-16. Simulated System Speed Values 


Simulated Speed Decimal Value Hex Value 
6-MHz 80286-based products l Olh 
8-MHz 80286-based products 2 02h 
16-MHz DESKPRO 386 21 15h 
20-MHz DESKPRO 386/20 38 26h 
25-MHz DESKPRO 386/25 50 32h 


The 80286-based product equivalent speed values are listed for relative reference 
to other speed values. 


The decimal values in Table 2-18 are suitable for using directly with the MODE 
command. To use the “Set System Speed" BIOS function, the speed values should be 


placed in the CX register using the hexadecimal equivalents. 


Refer to Chapter 4, “Software Aspects and BIOS," for more information. 
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Interval Timer Architecture 


The Interval Timer contains three identical counters. Figure 2-15 shows the 
architecture of the interval timer. 


Internal Bus 









Status 
Latch 
CRyg CR) 
Status 
Register 


Control 
Word 
Register 


M CLy 


Out (n) 
Clock (n) 
Gate (n) 


Figure 2-15. Interval Timer Architecture 
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CRm and CRI contain the most- and least-significant bytes of the 16-bit initial 
count value. These registers are cleared when they are both transferred into CE. 


CE is the actual “Counting Element’ latch that contains the value being 
counted down. 


CLm and CLI] contain the most- and least-significant bytes of the CE value unless a 
latch command is given. In this case, the CLm and CL] registers hold the count 
until read. 


Programming the Interval Timer 


The Interval Timer is an I/O-mapped device. Several commands are available: 


= Control Word specifies: 
- which counter to read or write 
- the operating mode 
- the count format (binary or BCD) 


Counter Latch latches the current count so that it can be read by the system; 
the countdown process continues 


# Read Back reads the count value, programmed mode, the current state of the 
OUT pins, and the state of the Null Count Flag of the selected counter 


Table 2-17 lists the ports used by the interval timer. 


Table 2-17. Interval Timer Port Assignments 


Port Timer Function 

040h l Read or write count for counter 0 (system clock) 

041h l Read or write count for counter 1 (refresh request) 

042h l Read or write count for counter 2 (speaker tone) 

043h ] Input for Control Word, Counter Latch, or Read Back commands 


(command mode register) 


048h 2 Read or write count for counter 0 (fail-safe timer) 

049h 2 Read or write count for counter 1 (not used) 

O4Ah 2 Read or write count for counter 2 (speed control) 

O4Bh 2 Input for Control Word, Counter Latch, or Read Back commands 


(command mode register} 
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Interval Timer Operating Modes 
and Initial Values 


Table 2-18 lists the six operating modes for the interval timers. 


Table 2-18. Interval Timer Operating Modes 


Mode Function 
0 Out signal on end-of-count (= 0) 


pad 


Hardware retriggerable one-shot 

Rate generator (divide-by-n counter) 
square-wave output 
software-triggered strobe 


Hardware-triggered strobe 
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Table 2-19 lists initial values for the interval timer counters set up at power-on 
by the BIOS. 


Table 2-19. Interval Timer Initial Values 


Control Output 

Counter Mode Word Count Frequency 
Interval Timer 1 (see note 1): 
0 3 36h 65536 18.207 Hz 
1 2 54h 18 66.879 kHz 
2 3 B6h 1336 893.10 Hz 
Interval Timer 2 (see note 2): 
0 x x x x 
l x x x x 
2 1 92h O1h-32h x 
NOTES: 1. Only the least-significant byte of the divisor is loaded. 

2. Timer 2 is initialized but not programmed to count at power-on. 

3. Depending on the setting of the speed jumper on the processor board, 


this will either be turned off or set for common. 
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Programming the interval timer is a simple process: 
1. Write a control word. 
2. Write an initial count for each counter. 


3. Load the least- and most-significant bytes of the 16-bit counter in two 
steps (writes). 


Interval Timer Control Word 
Format 


The Control Word specifies the counter, the operating mode, the order and size of 
the COUNT value, and whether it counts down in a 16-bit or binary-coded decimal 
(BCD) format. 


BIT 
76543210 


QO = Binary Countdown 


1 = BCD Countdown 

000 = Mode 0 

001 = Mode 1 

010 = Mode 2 

O11 = Mode 3 

100 = Mode 4 

101 = Mode 5 

00 = Counter Latch command 

O1 = R/W least-significant byte 
10 = R/W most-significant byte 
11 = R/W least-, then most-significant byte 
00 = Select counter 0 

O01 = Select counter 1 

10 = Select counter 2 

11 = Read Back command 


a NE eee 
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Interval Timer Counter 
Latch Command 


The Counter Latch command latches the count at the time the command is received. 
The count is held in the CL registers until read. 


BIT 
76543210 

| | Litt 09000 (Reserved) 
OO = Designates this byte as a Counter Latch command 
00 = Latch Counter 0 
QO1 = Latch Counter 1 
10 = Latch Counter 2 
11 = Select Read Back command (see Read Back command} 


Interval Timer Read Back 
Command 


The Read Back command causes the count or status of the counters to be latched in 
the CL registers until read. A single Read Back can latch the count or status of 
all three counters. 


BIT 
76543210 


Lg (Reserved) 
1 = Select Counter 0 


1 = Select Counter 1 

1 = Select Counter 2 

0 = Latch Status of selected counters 
0 = Latch Count of selected counters 
11 = Specifies this command 
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The status byte latched into CL has the format: 


BIT 
76543210 
L— = BINARY Countdown 
1 = BCD Countdown 
000 = Mode 0 
001 = Mode 1 
010 = Mode 2 
011 = Mode 3 
100 = Mode 4 
101 = Mode 5 
00 = Counter Latch command 
O01 = R/W least-significant byte 
10 = R/W most-significant byte 
11 = R/W least-, then most-significant byte 
Returned Status: 
O = CR contents not moved into CE 
1 = CR contents are moved into CE 
O = OUT Pin is 0 (low) 
1 = OUT Pin is 1 (high) 
Coprocessor 


(80387 or Weitek) 


The COMPAQ DESKPRO 386/25 supports two optional coprocessors, the 25-MHz 80387 and 
the Weitek coprocessor. 


Both coprocessor choices are high-performance numeric processor extensions that add 
Floating-point data-type support to the 80386 microprocessor. In addition, the 
80387 provides extended integer and BCD data-type support to the 80386 
microprocessor. These coprocessors extend the performance of the 80386, 
particularly in floating-point-intensive applications such as engineering, CAD/CAM, 
Spreadsheet, and scientific calculations. 
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The 80387 is compatible with previous applications for the 8087 and 80287 
coprocessors on previous products; the Weitek is NOT compatible with 8087, 8028/7 
or 8038/ code. 


The Weitek, however, on applications specifically designed for its use, has several 
times the performance of the 80387 in similar applications. 


For more information, refer to the list of reference documentation provided by 
Intel Corporation and Weitek Corporation. 


The following paragraphs highlight the major features of each coprocessor option. 


80387 


The major items of interest about the 80387 are as follows: 


= Automatic execution--the 80387 automatically executes al] numeric instructions 
when received 


= 1/0 addresses--the 80387 responds to particular I/0 addresses (800000F8h to 
S8O0000FFh) automatically generated by the 80386 microprocessor 


= Exception handling--exception handling for the 80387 is the same as for previous 
(8087, 80287) coprocessors; the coprocessor ERROR- signal is connected to IRQ13 
CINT 75h); INT 75h performs an EOI function to the 8259A interrupt controller 
and resets the coprocessor error condition by writing a 0 to the port at FOh 


=» System compatibility--compatibility with exception handling for the 
8087-coprocessor exceptions is provided through INT 02h (NMI) 


= Clearing the BUSY- signal--an output to port FOh clears the numeric coprocessor 
BUSY- signal 


= The 80387 is not mode-dependent--the 80387 works the same whether the 80386 is 
executing in Real mode, Protected mode, or Virtual mode; before returning to 
Real mode, the context of a Protected mode coprocessor application must be 
saved; the coprocessor, however, does not require resetting to return to 
Real mode 


= Speed--the 80387 operates synchronously with the 80386 at 25 Mhz 


= Information exchange--information exchange with the 80386 is 32 bits wide 


COMPAQ DESKPRO 386/25 Personal Computer 





System Board 


= Coprocessor Initialization--initialization is achieved by a FINIT or FNINIT 
command; the OUT Fih instruction does not affect the 80387, as the 80387 
does not require a reset 


= DIP switch (SW1) settings--the system board DIP switch position 2 must be 
properly set; switch position 2 indicates whether or not an 80387 
coprocessor is installed; (refer to the subsection ‘Switch SWl" later in 
this chapter) 


NOTE: 1. For compatibility with future products, refer to Chapter 4, "Software 
Aspects and BIOS, for instructions. 
2. Improper switch settings can prevent the system from booting properly. 


If, during power-on initialization, the DIP switch settings are in conflict with 
the actual installation, the following error message appears: 


702 - Coprocessor Detection Error, Please Check Installation 


Weitek Coprocessor 


Note that all references to the Weitek coprocessor specifically mean the 
Weitek WIL 3167 25-MHz coprocessor. 


The major items of interest about the Weitek are as follows: 


= Memory mapped interface--the Weitek gets its instructions from accesses to 
specific locations in memory; special compiler support is necessary 


= Memory addresses--the Weitek responds to particular memory addresses 
(CO000000h to CFFFFFFFh) generated by the 80386 microprocessor under 
program control 


m Exception handling--exception handling for the Weitek uses the IRQ13 
hardware used by the 80387, the software is different and must fully comprehend 
the Weitek 


= System compatibility--compatibility with the 8087-coprocessor is NOT provided, 
only software specifically designed for a Weitek coprocessor will work 
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= DIP switch (SW1) settings--the system board DIP switch position 2 depends only 
on the installation of an 80387; DIP switch position 2 must be properly set for 
80387s; pin Ml2 on the Weitek socket is grounded when the Weitek is installed; 
the BIOS reads this bit through the 8042 keyboard controller and initializes the 
Weitek if present; the software written for the Weitek coprocessor does 
determine the presence of the Weitek coprocessor 


Refer to Chapter 4 in this guide for Weitek Coprocessor programming information. 


system ROMs 


The COMPAQ DESKPRO 386/25 System Board contains sockets for four 28-pin ROMs or 
EPROMs and logic circuitry. The ROMs may be either 8K, 16K, or 32K x 8-bits in 
size, depending on the setting of jumpers ER1 and ER2. There is also a jumper for 
each bank to select between static and dynamic ROMs. The ROM sockets are arranged 
in 2 sets, 16-bits wide and are designated SYSTEM ROMs 1 and SYSTEM ROMs 2. 


SYSTEM ROMs 1 is always present and is addressed via the 16-bit bus at address 
FOOOOh. An image of the ROMs is doubly mapped at F8000h. SYSTEM ROMs 2 is located 
at a lower address. See the subsection entitled ROM Mapping. in Chapter 3 for 
more information regarding dual mapping of the ROM and in RAM. 


The jumper setting for each type of device is shown below. 


8K ROM PROGRAMMABLE active HI CS ON 26, 27 
16K ROM PROGRAMMABLE active HI CS ON 27 
32K ROM 

SK EPROM INTEL 2/764 TYPE 

16K EPROM INTEL 27128 TYPE 

32K EPROM INTEL 27256 TYPE 


Standard configuration: 


ROMS1 (SYSTEM ROMs): use jumper block ER1: 
2=3 4=5 7=8 


ROMS2 (option ROMs): use jumper block ER2: 
2=3 5=6 8=9 


NOTE: These jumpers are etched on the system board. Any modification 
invalidates al] Compaq warrantees. 
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Other Configurations: 





Device | Jumper Setting 

8K l=2 4=5 

16K 0=3 4=5 

32K 2=3 5=6 

Static 

Dynamic 

The addresses of the ROMs for the three ROM size configurations are shown below. 
Address 8K ROMs 16K ROMs 32K ROMs 
OEOOO0H Set 2 Set 2 Set 2 
OE2000H Set 2 Set 2 Set 2 
OE4000H Set 2a Set 2 Set 2 
QOE6000H Set 2a Set 2 Set 2 
OE8000H Set 2b Set 2a Set 2 
QOEAQOOH Set 2b Set 2a Set 2 
OECOOOH Set 2c Set 2a Set 2 
OEEOOOH Set 2c Set 2a Set 2 
OFQOQOH set 1 Set 1 set 1 
OFZ2000H Set 1 Set 1 Set 1 
OF4000H Set la Set 1 Set 1 
OF6000H set la Set 1 set 1 
OF8000H Set lb Set la Set 1 
OFEOQOOH Set lb Set la Set 1 
OFCOOOH Set lc Set la set 1 
OFEOOOH Set lc Set la Set 1 
The designation ‘la, ‘lb’, ‘lc’ etc. means that the contents of the ROM can be 


found duplicated at this address. 


ROM/EPROM Speed Requirement 


The required speed for the ROM or EPROM is: 


Static Address and CS access time = 
Dynamic OE/CS access time = 150 ns 
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Real-Time Clock and 
Configuration Memory 


The COMPAQ DESKPRO 386/25 System Board has a real-time clock (RTC) with 
configuration memory. This device has a total of 64 bytes of memory. The first 14 
memory locations are used for the RTC. The remaining 50 memory locations are used 
for the system configuration. 


A value can be written to or read from all 64 registers except: 
= Status registers C and D, which are read only 

= Bit </> of status register A, which is read only 

= The high-order bit of the seconds byte, which is read only 


= Location 3Fh, which is unused 


To reset the time or system configuration, run the COMPAQ SETUP Utility. To reset 
the time, use either the SETCLOCK (DOS) command or the appropriate INT 1Ah 
(BIOS) command. 


To prevent a loss of time or system configuration, the MC146818 uses power obtained 
from a battery mounted inside the computer. The battery maintains the time and 
system configuration during power loss for as long as three years. The system does 
NOT charge the battery. 


NOTE: If the battery is disconnected or fails for any reason, the time and 
system configuration must be reprogrammed into the real-time clock. 


The Real Time Clock is an I/O-mapped device. Use the 80386 OUT and IN instructions 
to write or read to the memory in this device. The port 70h is shared between the 

NMI mask register and the configuration memory address register. To leave the NMI 

mask enabled, make sure that bit </> of the RTC address is set to 0. 


To write a value into configuration memory: 


1. Use OUT 70h, AL to specify the memory location to change. 70h is the port 
number; AL is the memory location. 


2. Use OUT 71h, AL to specify the data for the memory location. 71h is the port 
number; AL is the data. 
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Do not use word output instructions such as OUT 70h, AX to load the memory location 
and data simultaneously. Word outputs cause back-to-back bus cycles that do not 
allow the RTC sufficient recovery time. 


To read the contents of a memory location: 


1. Use OUT 70h, AL to specify the memory location to read. /0h is the port 
number; AL is the memory location. 


2. Use IN AL, 71h to read the data stored in that location. The returned data is 
placed in the AL register of the 80386. 


Table 2-20 summarizes the types of information stored in the RTC memory locations. 
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Table 2-20. Real-Time Clock Memory Locations 


Register Function 

00h Seconds 

Olh Seconds alarm 

02h Minutes 

03h Minutes alarm 

04h Hour 

O5h Hour alarm 

O6h Day of week 

07h Date of month 

O8h Month 

09h Year 

OAh status register A 

OEh Diagnostic byte 

OBh status register B 

OCh Status register C 

ODh status register D 

OFh Reset code byte 

10h Diskette drive type 

Llh Reserved 

12h Fixed disk drive type 

13h Reserved 

14h Equipment installed 

15h, 16h Base memory size 

17h,18h Extended memory installed 
19h Drive C type if extended drive type 
1Ah Drive D type if extended drive type 
1Bh-2Ch Reserved 

2Dh Additional flags 

2Eh,2Fh Checksum value 

30h,31h Memory more than 1 MB 

32h Century, part of time and date function 
33h System information 
34h-3Eh Reserved 

3Fh Unused 
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Status Register Byte OAh 


BIT 
76543210 


These bits specify the divider frequency for the clock. 
The default value is 0110 (1.024 kHz). 


These bits specify the time base frequency. The default value 
is 010 (32.768 kHz). 


0 
l 


OK to read device 
Time update in progress 


Status Register Byte OBh 


BIT 
76543210 
L_ 9 = No Daylight Savings Time (default) 
1 = Daylight Savings Time Selected 
QO = 12-hour Mode 
1 = 24-hour Mode (default) 
QO = Time and Date in BCD Format (default) 
1 = Time and Date in Binary Format 
0 = Output Disabled (default) 
1 = Enables Frequency Output Selected by Status Register A 
0 = Disable End-of-update Interrupt (default) 
1 = Enable End-of-update Interrupt 
0 = Disable Alarm Interrupt (default) 
1 = Enable Alarm Interrupt 
0 = Interrupt Disabled (default) 
1 = Enable Interrupt at frequency specified by Status Register A 
0 = Normal Operation (default) 
1 = Disable Time Updating so that time can be set 


nnn nnn Tee aS... 


COMPAQ DESKPRO 386/25 Personal Computer 


Technical Reference Guide 2-91 





Status Register Byte 0Ch--Read Only 


BIT 
76543210 
0000 (Not used) 


1 = End-of-Update Interrupt Flag 

1 = Alarm Interrupt Flag 

1 = Periodic Interrupt Flag 

1 = Interrupt Output Signal Active 


Status Register Byte ODh--Read Only 


BIT 


76543210 


LLitiitt 990000 (Not used) 


0 
1 = Real-time clock has not lost power 
0 = Real-time clock has lost power 


NOTES Reading the Status register automatically resets bit <7>. 
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Configuration Byte OEh--Diagnostic Status Byte 





BIT 
76543210 


| Ll 90 (Not used) 
= 


= time is not valid 
1 = fixed disk drive controller error 


1 = The amount of memory detected during the system 
initialization is not the same as the amount specified 
in the configuration memory. 


p—> 
ll 


System initialization equipment check does not match the 
equipment specified in the configuration memory. 


1 = Checksum bad--ROM error 


1 = Real-time clock has lost power 


Configuration Byte OFh--Reset Code Byte 


The reset code tells the system what to do after the CPU is reset. The reset code 
identifies the type of, or reason for, reset. The reset code also provides a 
method of resetting the system without losing previously stored data or to return 
the system to the Real mode from the Protected mode. Although the reset logic to 
return the processor to Real mode exists in the COMPAQ DESKPRO 386/25, it is there 
only for compatibility with 80286-based products. The 80386 itself provides an 
alternate method (resetting the PE bit) that is much more efficient. 


BIT 
76543210 

00h = Normal power-on reset 

04h = Proceed to load DOS from disk 

OSh = Jump to reset vector 0040:0067 after initializing both 
interrupt controllers 

09h = Block Move return 

OAh = Jump to reset vector 0040:0067 without initializing the 


interrupt controllers 
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Configuration Byte 10h--Diskette Drive Type 


BLT 
76543210 | 
Secondary (drive 2) diskette drive Type: 


0000 = No diskette drive 

0001 = 360-KB diskette drive 
0010 = 1.2-MB diskette drive 
0011 = Reserved 

0100 = 1.44-MB diskette drive 
0101 = Reserved 

1111 = Reserved 


Primary (drive 1) diskette drive Type: 


0000 = No diskette drive 
0001 = 360-KB diskette drive 
0010 = 1.2-MB diskette drive 
0011 = Reserved 

1111 = Reserved 


Configuration Byte 12h--Fixed Disk Drive Type 


Bits Function 
<]..4> Value defines first fixed disk drive type: 
Value Type 
0000 None 
0001..1110 1..14 
1111 Other--see byte 19h 
<3..0> Value defines second fixed disk drive type (use table above} 


and byte IAh. 


NOTE: This byte identifies the type of fixed disk drive used, not the capacity. 
The 110-megabyte, and 300-megabyte drives are available for the COMPAQ 
DESKPRO 386/25. The associated drive types are 33, and 38, respectively. 
As a result, byte 12h always contains FFh when either a 110-megabyte or 
300-megabyte drive is used. 
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Configuration Byte 14h--Equipment Installed 





BIT 
76543210 
L_ 


= No diskette drives are installed 
= Diskette drives are installed 


0 

l 

0 = No coprocessor is installed 
1 = A coprocessor is installed 


00 (Not used) 


Type of video display controller and operating mode 


00 = Reserved 
01 = Color/graphics, 40-column 
10 = Color/graphics, 80-column 
11 = Monochrome/text 
Number of diskette drives installed 
00 = 1 drive 
O01 = 2 drives 
10 = Reserved 
11 = Reserved 
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Configuration Bytes 15h and 16h--Base Memory Size 


Bytes 15h and 16h comprise a 16-bit value that specifies the base memory size in 


increments of 1-Kbyte (1024 bytes). 


The word is stored with the least-significant 


byte at the lower address (15h in this case). 


The following tabulation lists the valid memory sizes for the base memory size: 


Byte 


16h 
Olh 
02h 
02h 


Byte 


15h 
00h 
00h 
80h 


Memory Size 
(in KB) 


256 
912 
640 


Configuration Bytes 17h and 18h--Extended Memory Size 


Bytes 17h and 18h comprise a 16-bit value that specifies the extended memory size 


in increments of 1-Kbyte (1024 bytes). 


The word is stored with the 


least-significant byte at the lower address (17h in this case). The extended 
memory size does not include the COMPAQ Built-in Memory or the 128 Kbytes 


reserved for system use. 
memory architecture. 


See Chapter 3, ‘Memory, for a description of the 


The following tabulation lists the valid extended memory sizes for memory on all 
memory option boards: 


Byte 18h 


18h 
02h 
04h 
O6h 
O8h 


3Ch 


Byte l/h 


17h 
00h 
00h 
00h 
00h 


00h 


Memory Size 
(in KB) 


912 
1024 
1536 
2048 
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Configuration Byte 19h --Drive C Type 


If the disk drive is an extended drive type (type 15 or greater) bits <7..4> of 
byte 12h contain 1111 (binary). 


The type of drive in drive C appears in byte 19h. For a 110-megabyte fixed disk 
drive type 33, this byte contains 21h. For 300-MB fixed disk drive type 38, this 
byte contains 19h. 


Configuration Byte 1Ah --Drive D Type 


If the disk drive is an extended drive type (type 15 or greater) bits <3..0> of 
byte 12h contain 1111 (binary). 


The type of drive in drive D appears in byte 1Ah. For a 110-megabyte fixed disk 
drive type 33, this byte contains 2lh. 


Configuration Byte 2Dh --Additional Flags 





This byte allows the configuration of special features. 


BIT 


1 Monitor other than COMPAQ Dual-Mode Monitor 
COMPAQ Dual-Mode Monitor 


Disable keyclick 
Enable keyclick 


Video display controller other than COMPAQ installed 
COMPAQ Video Display Controller installed 


00000 (Reserved) 


—- Oo FF Oo FO 
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Configuration Bytes 2Eh and 2Fh--Memory Checksum 


Value stored is the checksum for configuration memory addresses 10h..2Dh. 


Byte 2Eh = High byte of checksum 
Byte 2Fh = Low byte of checksum 


Configuration Bytes 30h and 31h--Memory Over 1 Megabyte 


Value indicates amount of system memory in excess of 1 megabyte. These bytes are 


updated by the BIOS during the power-on sequence. 


Byte Byte Memory Size 
31h 30h (In KB} 
02h 00h 912 
04h 00h 1024 
O6h OOh 1536 
O8h 00h 2048 
OAh 00h 2560 
OCh 00h 3072 
OEh 00h 3584 
10h 00h 4096 
12h 00h 4608 
14h 00h 9120 
16h 00h 9632 
18h 00h 6144 
LAh OOh 6656 
1Ch 00h 7168 
LEh 00h 7680 
3Ch 00h 15360 
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Configuration Byte 32h--Date, Century 


This is the century part of the current time and date encoded in BCD (binary-coded 
decimal). The BIOS sets and reads this value. 


Configuration Byte 33h--System Information 
BIT 


VETGt? 000000 (Reserved) 
Used by SETUP program 
1 = More than 1 MB of memory is installed 


Keyboard Interface 
and Controller 


The COMPAQ DESKPRO 386/25 supports the COMPAQ Enhanced Keyboard. The keyboard 
interface system consists of a universal peripheral interface (Intel 8042), the 
SMAP device, and a connection cable. 


Chapter 5, “Keyboard,” contains information about the following: 
= Keycodes 

= Specifications 

= Responses to 8042 commands 


= Scan code translation tables 
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SMAP Device 


The SMAP (a Compag designed Application Specific IC) device monitors the Intel 8042 
controller for commands to “force A20 low’ or ‘restart CPU’. If either command is 
received, the SMAP drives the appropriate signal and prevents its use by the 8042. 
The SMAP does this by disabling writes to the 8042. This SMAP generated response 
occurs within a few us and happens much faster than if generated by the 8042. The 
effects of these commands being intercepted are, except for speed, invisible to the 
application programmer. Since these commands are often used to switch between Real 
and Protected modes of the CPU, performance of applications using the mode switch 
is increased. Programming of these commands is described below under 
"8042-Keyboard Controller.” 


8042 Keyboard Controller 


The COMPAQ Enhanced Keyboard Interface uses an Intel 8042 single-chip microcomputer 
to provide the following features: 

= An output port for system-function control and keyboard communication 

= An input port to read system-function status 

= A test port to read the status of the keyboard clock and data lines 


The 8042 has internal ROM that is custom-programmed with keyboard scan codes and 
operating instructions. 


The 8042 communicates with the keyboard in a bidirectional, serial format with a 
synchronizing clock. The 8042 receives serial data, checks its parity, translates 
the 11-bit scan codes from the keyboard into system codes, and interrupts the 80386 
to transfer data into the system. (The keyboards supported by Compaq use 11-bit 
scan codes. ) 
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Figure 2-16 is a simplified functional block diagram of the keyboard controller. 
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SYSTEM INTERFACE 
(Bidirectional 1/0) 


Not Connected 
Not Connected 
Not Connected 
SLOWDOWN 
BUFFER FULL INT 
Not Connected 
KEYBOARD CLK 
KEYBOARD DATA 


KBDCLK 
KBDDATA 


ENABLE 5@ 
GROUND 

80387 INSTALLED 
WEITTEK STATUS 
BOOT SPEED 
Reserved 
DISPLAY TYPE 
KEYLOCK STATUS 


Figure 2-16. Keyboard Controller Functional Block Diagram 
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8042-to-Keyboard Interface 


The 8042 and the keyboard are connected by a four-conductor, shielded cable that 
carries a power line (+5 VDC), a ground line, a data signal, and a clock signal. 


The 8042 and the keyboard communicate in a ‘handshaking fashion, using the data 
and clock lines for synchronous seria] communication. The data and clock lines are 


driven by open-collector drivers at both ends of the cable in a wired-OR fashion. 


The keyboard supplies the synchronizing clock for data transmissions in 
either direction. 


See Chapter 5, “Keyboard, for a complete description of the keyboard scan codes. 


Figure 2-17 shows a simplified schematic of the data and clock circuits. 


+o VOC 







Keyboard 


Data Line 
From 8042 


Data Driver 


From Keyboard 
Data Driver 


To 8042 
Data Input 









To Keyboard 
Data Input 


+5 VDC 








Keyboard 


Clock Line 
From 8042 


Clock Driver 


From Keyboard 
Clock Driver 









To 8042 
Clock Input 


To Keyboard 
Clock Input 


Figure 2-17. Simplified Schematic of the Data and Clock Circuits 
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11-Bit Data Transmission Format 


The COMPAQ DESKPRO 386/25 keyboard transmits and receives data in an 11-bit 
data format. The 8042 automatically tests for keyboard type by monitoring the 
data format. 


Figure 2-18 shows 11-bit data formats with sample data transfers. 


DATA |_| | | | | | 


CLOCK 


TOA. 
pret et tt hf 


D®@ D1 D2 D3 D4 D5 D6 Stop 
LSB a Bit 
Start Odd 
Bit Parity 
Bit 
11-—BIT DATA FORMAT 


Note: The keyboard drives the data line low for the — 
Stop Bit at the end of a transmission to acknowledge 
the transmission. 


Figure 2-18. 11-Bit Data Formats 
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Table 2-21 lists the 11-bit data transfer timing parameters. 


Table 2-21. Keyboard Data Timing Parameters 


Parameter 11-Bit 
Clock timing (minimum), falling edge to falling edge 60 us 
Clock timing (minimum), falling edge to rising edge 5 us 
Transmission time (maximum), first edge to completion 2 ms 
Time data must be valid before falling clock edge QO us 
Time data must be valid after falling clock edge 5 us 


8042 Port Functions 


The 8042 has three ports: 
= An 8-bit output port for system function control and keyboard communication 
= An 8-bit input port to read system function status 


= A 2-bit test port to read the status of the keyboard clock and data lines 


Programming the 8042 
The 8042 is I/O-mapped at port addresses O60h and O064h. 
Prior to writing a command or data to ports 060h or 064h, the 8042 Status register 


must indicate “Input Buffer Empty.’ Also, prior to reading data from port 060h, 
test the 8042 Status register to ensure a ‘Data in Buffer. condition. 
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Output Port 


To write to the output port: 
1. Write command Dih (next byte is a value byte) to I/O address 064h. 


2. Write the desired value for the output port to port address O60h. 
Only bit <1> (the FA20 line) can be written by this method. 


To read the 8042 output port value: 


1. Write command DOh (transfer the current output port values to the 8042 output 
buffer) to port address 064h. 


2. Read the 8042 output buffer (port address 060h). 


Before outputting commands and data to port 064h and 60h, the code should first 
make sure that the 8042 input buffer is empty. See the subsection entitled 
"8042 Programming Example" for more information. 


When programming the state of A20 via the 8042 output port, the program should be 
careful to wait until A20 has been set to the desired value. That is, A20 should 
be enabled or disabled before program operations that require A20 to be in the 
specified state continue. For example, several programs enable A20 when entering 
the Protected mode to access memory beyond address 100000h. These programs must 
wait until A20Q is actually enabled by the hardware before proceeding to access 
memory beyond address 100000h. 


The recommended method to ensure that A20 has been set to the desired value is to 
issue a null] command (FFh) to the 8042 following the completion of the write output 
port (Dih) command sequence. When the 8042 accepts the nul] command, the program 
can be assured that the previous command (write output port) has completed and that 
A20 has been set by the hardware to the desired value. 
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Processor Reset 


The output port bit <0> can be strobed by an FE command written to I/0 address 
064h. This function is retained for compatibility with 80286 based machines but 
can be done better with an 80386 instruction described in the chapter on BIOS 
and software. 


NOTE: The D1 and FE commands cannot be used to change any bit except bits <1> 
and <0>. For compatibility, the functions described for bit <1> and 
bit <0> are performed by the SMAP. Since the SMAP handles this bit 
interpretation, nothing changes on the output of the 8042 
keyboard controller. 


The bit values for the output port of the 8042 are as follows: 


BIT 
76543210 


= 
0 


System RESET line active 


Hold address line 20 (A20) low 
Enable address line 20 (A20) 


Reserved 


p= 


SLOWD* asserted using the timer 2, counter 2 
SLOWD* not asserted 


Output buffer full 


—- == MeO OO 


= Input buffer empty 
Keyboard clock (controlled by the 8042) 
Keyboard data stream (controlled by the 8042) 
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Input Port 


To read the 8042 input port value, send the following commands or values to the 
8042 (port address 064h): 


1. Write command COh (transfer the current input port values to the 8042 
output buffer). 


2. Read the 8042 output buffer (port address 060h). 
The format of the byte returned from the 8042 input port is as follows: 
BIT 


76543210 
48 MHz System Clock Enabled 


- 
00 (Not Used) 


-— © 
oil 


50 MHz System Clock Enabled 


= 80387 Coprocessor installed 
= 80387 Coprocessor not installed 


= Weitek Coprocessor Installed 
= Weitek Coprocessor not Installed 


= AUTO speed selected 
= HIGH speed selected 


= System board DIP switch 5 ON 
= System board DIP switch 5 OFF 


= COMPAQ Dual-Mode Monitor 
= Monitors other than COMPAQ Dual-Mode 


COMPAQ DESKPRO 386/25 Personal Computer 





Technical Reference Guide 


To read the 8042 TEST input port value, send the following commands or values to 
the 8042 (port address 064h): 


1. Write command E0h (transfer the current test input port values to the 8042 
output buffer). 


2. Read the 8042 output buffer (port address 060h). 
The format of the byte returned by the 8042 TEST input port is as follows: 


BIT 
76543210 
L— Test O--Keyboard clock stream 


Test 1--Keyboard data stream 
000000 (Not used) 


Port 060h, Data I/O Register 


Use the 80386 IN instruction to read data from the 8042 output buffer. Data in the 
data I/0 register is from the keyboard unless the 8042 has been given a command 
such as 20h, Read Command Byte. 


Use the 80386 OUT instruction to send data to the keyboard unless the 8042 has been 
given a multi-byte command such as 60h, Write Command Byte. To give a multi-byte 
command to the keyboard, write the first command byte to port 064h and the second 
command byte to port Q60h. 
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Port 064h, 
Command/Status Register 


The following pages describe the format for Command/Status register (port 064h) I/0 
interactions with the 8042. 


Use the 80386 IN instruction to read the status of the 8042 and the keyboard 
(input from port 064h). 


Use the 80386 OUT instruction to give a command to the 8042 (output to port 064h). 
Writing to this address indicates that the next byte written to port 060h is 
a command. 


Most commands involve a single write step. However, some commands do require a 
second step, such as a subsequent 8042 register read or write. 
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w The 8042 Status register is as follows: 


BIT 
NTI 


No new data in buffer 
Data in buffer (input port 060h)} 
Input buffer empty (output port 060h or 064h) 
Input buffer full (output port 060h or 064h) 
Power-on reset (cold start) 
Software reset (warm start) 
Output buffer has data 
Output buffer has command 
Security lock engaged 
Security lock not engaged 
Transmission time-out error: 
/ 6 5 Cause 
% 0 QO 1 No clock 
0 1 1 Clock ok; no response 
1 0 1 Clock ok; parity error 
1 = Receive time-out error. 
Keyboard data transmission started, but did not finish in 2 ms. 


1 = Parity error detected (11-bit format only). 
If an error is detected, a Resend command is sent to the 
keyboard once only, as an attempt to recover. 


—- —- O KH O KF Oo fF CO FO} 


COMPAQ DESKPRO 386/25 Personal Computer 


(ia 2-110 System Board 





The 8042 Command byte is as follows: 


BIT 
cen ch hie 


Do not generate interrupt 
Generate interrupt when output buffer full 
0 : meal 
System flag--the value written to this bit is written into the 
corresponding bit of the status register 
Obey Security Lock state 
Ignore Security Lock 
Enable keyboard 
Disable keyboard 
Use 11-bit keyboard codes (80386- and 80286-based products) 
Use 8088/8086-compatible keyboard codes 
Do not convert keyboard codes 


-— © -— © - © = © 


Convert keyboard codes to the 8088/8086 scan codes (Chapter 5, 


"Keyboard, contains tables listing these conversions. } 


0 (Reserved) 
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Table 2-22 lists the 8042 command codes. 


Table 2-22. 8042 Command Codes (Output Port 064h) 


Code Function 


20h Put the current command byte on port 060h. 
60h Load a new command byte. This is part of a 2-byte operation. 


To write a new command byte: 
1) Write 60h to port 064h 


2) Write the command byte to port 060h 


A3h Enable system slow down, SLOWD* active low 

A4h Toggle--the 8042 changes its speed-control output port bit “SLOWD*™ 
between the high speed mode and the speed determined by the slow 
down timer. 

A5h Special Read--the 8042 places the real value of port 2 except for 


bits <4> and <5>, which are given a new definition, in the output 
buffer. No output-buffer full is generated. 

If bit <5> = 0, a 9-bit keyboard is in use. 

If bit <5> = 1, an 11-bit keyboard is in use. 

If bit <4> = 0, the output-buffer-full interrupt is disabled. 


If bit <4> = 1, the output-buffer-full interrupt is enabled. 
AAh Initialization--the 8042 initializes ports 1 and 2, disables the 
keyboard and clears the buffer pointers. It then places 55h in the 


— ut put buffer, 
ABh Interface Test--directs the 8042 to test the data and clock lines 
of the keyboard interface. The output buffer (input port 060h) 
receives the test results, according to: 
OOh - No error detected 
Olh - The keyboard clock line is stuck low 
O2h - The keyboard clock line is stuck high 
O3h - The keyboard data line is stuck low 
04h - The keyboard data line is stuck high 
O5h - Compaq diagnostic feature 


NOTE: The keyboard data line test does not check for line stuck low for 
9-bit keyboards. 


NOTE: The D1 and FXh commands cannot be used to change any bit except bit <1> 
and <0> because the SMAP intercepts these commands and prevents the write 
to the 8042 controller. 


(Continued) 
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Table 2-22. (Continued) 


Code Function 
ACh Diagnostic Dump--Reserved for diagnostic purposes. 
ADh Disable Keyboard--sets bit <4> of the 8042 command byte, which 


disables the keyboard interface. Data is not sent or received until 


the keyboard is enabled. 


AEh Enable Keyboard--resets bit <4> of the 8042 command byte, which 
enables the keyboard interface. 
COh Read Input Port--directs the 8042 to transfer the status of the 


input port and place it in the output buffer (input port 060h). 
Use this command only when the output buffer is empty. 

DOh Read Output Port--directs the 8042 to transfer the current byte in 
the output port to the output buffer (input port 060h). Use the 
Read Output Port command only when the output buffer is empty. 

Dih Write Qutput Port--place the next byte written to the 8042 data 
register (output port 60h) on the 8042 output port. The system 
speed bits are not set by this command--use commands Alh to A6h for 
speed functions. 

EOh Read Test0O and Testl Inputs--directs the 8042 to put the current 
state of Test0 and Testl into the output buffer (output port 060h). 
Test0O is bit <0> and Testl is bit <l>. 

FOh-FFh Pulse Output Port--bits <3..0> of the 8042 output port can be pulsed 
(strobed low) for approximately 2 us. Use 0 to indicate that the 
bit should be pulsed. Use 1 to indicate that the bit should not be 
pulsed. Bits <3..0> of this command byte each represent one bit, 
or signal, of the output port to be pulsed. Pulsing bit <0> with the 


FEh command will reset the system. 
NOTE: The Dl and FXh commands cannot be used to change any bit except bit <1> 


and <0Q> because the SMAP intercepts these commands and prevents the write 
to the 8042 controller. 


For keyboard responses to the system, see Chapter 5, Section 5.4, 
"Keyboard Functions.” 
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8042 Programming Example 


The following assembly language commands are used to communicate with the 8042: 


in al, 64h read 8042 status register 

out 64h, al output command in al to 8042 
in al, 60h read keyboard data 

out 60h, al output data in al to keyboard 


In general, before outputting commands and data to ports 064h and O60h, the code 
should first ensure that the 8042 input buffer is empty and therefore ready to 
receive a byte. The 8042 input and output status is obtained by reading port 064h. 


The example program shows how to ‘check the keyboard LED indicator status within a 
keyboard interrupt handler. The program does not specify how to handle the 
following two error conditions: 


1. The time-out if the keyboard input buffer never goes empty. 
2. The condition if an acknowledgment (ACK) is never received. 


The steps involved are: 

1. Make sure the 8042 input buffer is empty. 

Output the ADh command to 8042 (port 064h) to disable keyboard interface. 
Read the scan code from port O60h. 

Wait until the 8042 input buffer is empty. 

Output the EDh command to keyboard (port 060h). 

Wait until ACK is received from keyboard (port 060h). 

When the 8042 input buffer is empty, output the option byte. 

Wait until the second ACK byte is received. 


Oo Oo N FDO Wo eS WD PO 


When 8042 input buffer is empty, output the AEh command to the 8042. 
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RCVD_ACK equ l 
KBD_TO equ =I 


Define the data segment 


data segment 
assume ds:data 


kbdflg db ? 
optbyt db ? : 
data ends 

. Define the code segment 


code segment 
assume cs:code 
_keyint proc far 
sti 


Save registers 


pusha 

push ds 

mov ax,data 
mov ds,ax 


call kbdrdy 
mov ~ al,OADh 
out 64h,al . 
in al,60h : 
push ax 
mov al,20h : 
out 20h,al 
pop ax ' 
cmp al ,OFAh 
jne notack : 
or kbdflg,RCVD_ACK; 
jmp keyout : 
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ACK received flag 
KBD timeout value 


Keyboard flag byte 
Option byte value 


Enable processor interrupts 


Save general registers 

Protect interrupted ds register 
Get data segment 

...into ds 


Disable keyboard interface (AD command) until keyboard 
interrupt has been processed. When interrupt processing 
is complete, enable the interface again by sending an AE command. 


Wait until 8042 ready for input 
Disable keyboard interface 
Write to 8042 command register 
Get scan code from data register 
Save scancode 
Perform EOI 
...to master PIC 8259A 
Restore scan code in al 
Q: Receive ACK? 
N: 


Y: Set ACK received 
Return from interrupt 
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Q: CAPS LOCK make scan code? 
Y: Go handle it 


Reset ACK received flag 

Wait until 8042 ready for input 
Get Set LEDs command 

Output to kbd data register 


Q: Received ist ACK? 
N: Wait for it 


Y: Reset ACK received flag 

Wait until 8042 ready for input 
Get option byte 

Output it to kbd data register 


Q: Received 2nd ACK 
N: Wait for it 


Keyboard interrupt processing complete. Enable the keyboard 


AL = enable interface command 
Output to 8042 command register 
Restore interrupted ds 

Restore general registers 


notack: 
cmp al ,3Ah 
je capslock 
: Test and handle other scan codes here 
capslock: 
and kbdflg,not RCVD_ACK 
call  kbdrdy 
mov al ,OEDh 
out 60h, al 
getackl: 
test kbdflg,RCVD_ACK 
jz getackl 
and kbdflg,not RCVD_ACK 
call kbdrdy 
mov al,optbyt 
out 60h,al 
getack2: 
test kbdflg, RCVD_ACK 
jz getack2 
keyout: 
. interface. 
cal] kbdrdy 
mov al ,OAEh 
out 64h,al 
pop ds 
popa 
iret 


_keyint endp 


*** RETURN *** 
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o KKEKKKKKKKKKKKKEKKEKKEKKKEKEKEKKKKKKKKKKKKKKKKEKREKKKKEKKKKKKEKEKKKEKEKKKKKEKEEE . 
° 


;Routine to wait until the 8042 is ready for more input. The routine; 
;exits with ZF=1 if the 8042 is ready, otherwise ZF=0 if time-out. 


oe KKKEKKKKKKKKKKKKKKKKKKKKKKKEKKKEKEKEKKEKKKKKKKKKKKEKKEKEKEKEKKEKKKKKKKSK 


kbdrdy proc near 


push cx ; Protect cx 
mov cx,KBD_TO ; CX = Time Out value 
kbdsta: 
in al ,84h ; Dummy read for additional delay 
; for cache processors 
in al ,64h ; Get keyboard status 
test al,2 ; Q: 8042 input buffer is full? 
loopnz kbdsta - Y¥: Wait 
pop Cx ; Either ready or time-out 
ret ;  *** RETURN *** 
kbdrdy endp 
code ends 
ends 


System ID Port 


There is a system identification register that can be used to distinguish the 
COMPAQ DESKPRO 386/25 from other COMPAQ 386 machines. The ID register can be read 
at 1/0 location C7Ch. Since not all of the 8 data bits are connected to the ID 
register, those bits that are associated to the register are floating. It is 
necessary to “pump. the data lines by writing FFh to C7Ch just before reading C7Ch. 
A value of 5Dh read at this port (C7Ch) identifies the COMPAQ DESKPRO 386/25. 
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Switch SW1 


switch SW1l is used to configure the system board. Switch 4, speed control, selects 
the default system speed. HIGH is the full 25-MHz 80386 speed all the time. AUTO 
is normally at the full 25-MHz CPU speed, but automatically changes to the 
Simulated 8-MHz 80286 speed during diskette operations. This slower speed allows 
time-dependent copy protection schemes to work correctly. 


switch SW1-7 and SW1-8 should be set to indicate the amount of base memory provided 
by the 32-bit memory board as follows: 





Memory 

Size ] 8 
640KB ON ON 
512KB OFF ON 
256KB OFF OFF 


Switch SW1-3 controls the location and the amount of memory set aside as cacheable: 
ON Sets the memory from C00000h to FFFFFFh to be (between 12 megabytes and 
16 megabytes) non-cacheable. This permits the use of memory-mapped I/0 and 


dual-ported memory boards in this range. 


OFF Leaves the normal cacheable and non-cacheable ranges intact. 
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Table 2-23 lists the different settings and their interpretations for all the 
positions on SW1l. 


Table 2-23. Switch SW1 on the System Board 


Position setting Description 
l ON Fail-safe timer enabled (note) 
OFF Fail-safe timer disabled 
2 ON 80387 numeric coprocessor installed 
OFF 80387 numeric coprocessor not installed (note) 
3 OFF Most of memory is cacheable 
ON COOOOOh-FFFFFFh is non-cacheable 
4 ON AUTO power-on system speed mode (note) 
OFF HIGH power-on system speed mode 
5 ON Reserved 
6 ON COMPAQ Dual-Mode Monitor or Color Monitor (note) 
OFF Monochrome display other than COMPAQ 
7 ON 512K or 640K base memory installed (note) 
OFF 256K base memory installed 
8 ON 640K base memory installed (note) 
OFF 012K or 256K base memory installed 


NOTE: This is the setting used when the unit is shipped from the factory. 
This setting can be changed to reflect changes in the unit. 
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2.5 SYSTEM CONNECTORS 


AND JUMPERS 


Figure 2-19 shows the location of the connectors on the system board. 
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Figure 2-19. System Board Connectors 
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Signal 


GROUND 
AS 

AS 

A7 
GROUND 
AQ 

All 
Al3 
GROUND 
A15 
A17 
A19 
GROUND 
A21 
A23 
CSO- 
GROUND 
CS2- 
MRASO— 
SWM — 
GROUND 
MRD-— 
W—R 
FA20— 
GROUND 
CPROM— 
912K 
M32- 
GROUND 
MSLOW— 
DO@ 

D2 
GROUND 
D4 

D6 

D8 
GROUND 
D10 
D12 
D14 
GROUND 
D16 
D18 
D21 
GROUND 
D23 
D25 
D27 
GROUND 
D29 





Figures 2-20 through 2-30 show the individual connectors for the COMPAQ 
DESKPRO 386/25 System Board. 


Signal 


32-Bit Memory Bus Connector 
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Signal Pin Pin Signal 


SIGNAL GROUND IOCHK— 
RESDRV SD7 
+5 VOC SD6 
IRQ9 SD5 
—5 VDC SD4 
DRQ2 SD3 
-—12 VOC SD2 
NOWS— SD1 
+12 VDC SDO 

GROUND BUSRDY 
Signal Signal SMWTC— OMA 
SMRDC— SA19 
IOWC— SA18 
M16— BHE— IORC— SA17 
1016— LA23 DAK3S SA16 
IRQ1@ LA22 DRQ3 SA15 
IRQ11 LA21 DAK1 SA14 
IRQ12 LA2@ DRQ1 SA13 
IRQ15 LA19 REFRESH— SA12 
IRQ14 LA18 BCLK SA11 
DAK@— LA17 IRQ7 SA1@ 
DRQQ MRDC— IRQ6 SAQ 
DAK5— MWTC— IRQS SA8 
DRQS SD8 IRQ4 SA7 
DAK6— SD9 IRQ3 SA6 
DRQ6 SD10 DAK2— SAS 
DAK7— SD11 T/C SA4 
DRQ7 SD12 BALE SA3 
+5 VDC SD13 +5 Vde SA2 
GRAB— SD14 OSC SA1 
SIGNAL GROUND SD15 SIGNAL GROUND SAO 





Figure 2-21. 8/-16-Bit Expansion Bus Connector 


Signal Pin Pin Signal 


+5 VDC GROUND 
+5 VDC GROUND 
+5 VDC GROUND 





Figure 2-22. J121 and Ji22, 32-Bit Memory Board 
Power/Ground Connector 
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Pin Signal 
+5 VDC 


Key 


+12 VDC (Aux) 
+12 VOC (Main) 


GROUND 
GROUND 


GROUND GROUND 





Figure 2-23. Jlll and J112, Diskette Figure 2-24. J109 and J110, Power 
Drive Power Connector Connectors for Fixed Disk Drive 
and Tape Drive 
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Signal 


+5: VOC 
Signal 


Key +5 VDC 


+12 VDC (Aux) mm = GROUND 
| GROUND Key 


GROUND SPK DRV 





Figure 2-25. J113, Monitor Figure 2-26. J115, Speaker Connector 
Power Connector 
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Signal 


8.2K Ohm PULL UP TO +5 VDC 


+5 VDC 


Key 


KDB DATA 


GROUND 


GROUND 


KDB CLOCK 





Figure 2-27. J116, Keyboard Connector 
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Signal 


+5 VRST (Not Used) 


PWRGOOD 
Key 
GROUND 
-12 VOC 
GROUND 
GROUND 
GROUND 
GROUND 
-5 voc 
+5 voc 
+5 VDC 
+5 voc 
+5 VS 
+12 VDC (Main) 
+12 VDC (Aux) 
+12 VDC (Aux) 
+12 VDC (Main) 
GROUND 
GROUND 





Figure 2-28. J117, Main Power Connector 
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Signal 


BATTERY + V 


Key 
Pin Signal 


No Connection ENABLE KEYBOARD 


GROUND GROUND 





Figure 2-29. J118, Battery Connector Figure 2-30. J119, Security Lock 
Connector 
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Jumper E14 


The COMPAQ DESKPRO 386/25 Personal Computer is designed to operate at 25 MHz. 
However, to maintain compatibility wih 8.00 MHz bus speeds required by some 
software, an internal Jumper (£14) is provided. To operate in the 25 MHz mode, 
pins 1 and 2 must be jumpered. When pins 2 and 3 are jumpered, the CPU operates 
at 24 MHz. 


2.6 SCHEMATICS 


Figure 2-31 shows the schematics for the COMPAQ DESKPRO 386/25 Personal Computer 
System Board. 


NOTE: Compaq Computer Corporation does not guarantee the accuracy of the 
schematics. They are provided as an aid to a general understanding 
of the system operation. 
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NOTES UNLESS OTHERWISE SPECIFIED: 


lL. ALL RESISTORS ARE 1/8W. SZ ANDO ARE IN OHMS. 

e. ALL CAPACITORS ARE SOV ANO ARE [IN MICROFARADS. 

3. SEE SHEET 8 FOR PARTS TO BE USED WITH DALLAS 
SEMICONDUCTOR REAL TIME CLOCK ANO THE MOTOROLA 
REAL TIME CLOCK. 

4. EACH SIGNAL THAT CONNECTS ONLY TO SURFACE MOUNT 

COMPONENTS HAS A TEST POINT. THE TEST POINTS 

FOR US8 ARE ON THE TOPSIDE OF THE BOARD. ALL 

OTHER TEST POINTS ARE ON THE BOTTOM SIOE OF THE 

BOARD. 

R8. R23. ANDO R34 ARE NOT [NSTALLED. 

US4, C71. RIO. R12. R1i4. ANO RIS ARE NOT INSTALLED. 

WHEN USING 107818-O01 [N U3L [INSTALL R16. AND R25, 

BUT DO NOT INSTALL R21. 
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3.1 


INTRODUCTION 


Compaq developed the memory subsystems with the goal of providing a large memory 
Space and maintaining the performance of the 80386 microprocessor and its cache 
memory architecture. 


Memory subsystems for the COMPAQ DESKPRO 386/25 Personal Computer are the same as that 
for the COMPAQ DESKPRO 386/20. The memory and subsystems are interchangable. 


The most obvious aspect of the COMPAQ DESKPRO 386/25 Personal Computer memory system 
is that it is based on a 32-bit data path to complement the 32-bit architecture of 
the 80386. 


The memory subsystem interfaces to the COMPAQ DESKPRO 386/25 Personal Computer system 
via the 100-pin 32-bit RAM memory expansion bus, whose signals are generated directly 
by the Cache Bus Interface (CBI) and the system bus from the cache controller. 


This direct interface minimizes the signal delays between the cache system and the 
memory subsystem. 


The 32-bit memory system consists of four boards: two system memory boards that plug 
into the processor board, and two different option modules that plug into the system 
memory boards. The system memory boards contain either 1 megabyte or 4 megabytes of 
DRAM and sockets for up to three option memory modules. The option modules provide 
increments of 1 megabyte or 4 megabytes of DRAM memory expansion. The system can 
contain only one system memory board. 


The system memory boards and option modules can be combined in various ways to provide 
up to 16 megabytes of 32-bit memory. 


COMPAQ DESKPRO 386/25 Personal Computer 


Memory 





Memory Devices 


The memory is configured in a 36-bit-wide arrangement consisting of 32 bits of data 
and 4 bits of parity. 


Each parity bit is directly associated with one of the 4 bytes in the 32-bit 
double-word (dword). This arrangement, with 256K x 1 RAM devices, yields a memory 
bank size of 256K double-words, or l-megabyte. With 1M x 1 RAM devices, this 
arrangement yields a memory bank size of 1M double-words, or 4-megabyte. 


Figure 3-1 shows the 32-bit arrangement on the base memory boards (1-megabyte 
and 4-megabyte). 
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Figure 3-1. Memory Arrangement of the COMPAQ 1-Megabyte or 4-Megabyte System 
Memory Boards 
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wy Memory Architecture 


The memory subsystem has been specifically designed to operate with the 32-bit cache 
memory architecture and the 80386 processor. By using the cache memory architecture, 
the COMPAQ DESKPRO 386/25 Personal Computer is able to use standard 100-ns DRAM 
devices without slowing the processor due to large numbers of wait states. 


The 32-bit memory subsystem receives memory control information from the cache bus 
interface (CBI). The memory address information is taken directly off the system bus 
from the 25-MHz 82385 cache controller. The system memory board decode logic decodes 
the system address to provide the M32- signal and the control for the four banks of 
memory in the subsystem. 


The system memory board provides one bank (1 or 4 megabyte) of memory, which is used 
as ‘base memory’ and COMPAQ specific memory. On the 4-megabyte system memory board, 
3 megabytes of expansion memory are also provided. The system memory board also 
contains the DRAM address and control buffers for its DRAM array. 


Each of the optional expansion memory modules contains DRAM address and control 
bd buffers and DRAM. 


Four transceivers (one for each byte of the double-word) on the system memory board 
provide data buffering and parity checking for the memory subsystem. These devices 
are used to separate information on the memory data bus from that of the system 
data bus. 
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Memory Configurations 


Table 3-1 shows the possible memory configurations available in the COMPAQ 
DESKPRO 386/25 Personal Computer. (See Section 3.2, “Base Memory Configurations. ) 


The 32-bit l-megabyte system memory board is standard. The 32-bit 4-megabyte system 
memory board is optional. 


Table 3-1. Memory Configurations Available 


System Module Module Module Total 
Board A B C System 
Size Size Size Size $ize 

l l 
1 1 2 
l 1 l 3 
1 1 1 1 4 
l 4 5 
l 1 4 6 
] l 4 1 / 
1 4 4 9 
1 4 4 1 10 
l 4 4 4 13 
4 4 
4 l 5 
4 1 l 6 
4 1 l l ] 
4 4 8 
4 4 1 9 
4 4 1 1 10 
4 4 4 12 
4 4 4 1 13 
4 4 4 4 16 


NOTE: System memory connector locations are shown in Figure 3-9. 
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BASE MEMORY 
CONFIGURATIONS 


The COMPAQ DESKPRO 386/25 Personal Computer memory system takes maximum advantage of 
the available memory. In the standard COMPAQ DESKPRO 386/25 Personal Computer 
product, the first megabyte of memory is typically configured with 640 Kbytes of base 
memory and 384 Kbytes of memory addressed at the high end of the 16-megabyte address 
space. The uses for the 384 Kbytes of additional memory are described in Chapter 4, 
"Software Aspects and BIOS.” Figure 3-2 shows the 640-Kbytes base memory 
configuration of the COMPAQ DESKPRO 386/25 Personal Computer. 


NOTE: Even though 16-bit memory boards will operate properly, their use does 
result in a significant loss in speed. It is highly recommended that any 
memory added should be COMPAQ 32-Bit Memory. 
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Figure 3-2. Memory Map for Utilization of 640 Kbytes of Base Memory 
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By changing the switch setting on the memory board, the user can reduce the amount 
of base memory enabled on the 32-bit system memory board. Reducing the amount of 
base memory may be desirable, for example, for execution of certain applications 
that specifically require a 512 Kbyte base memory configuration. The base memory 
can be configured to either 256-, 512-, or 640-Kbytes. On the 1l-megabyte system 
memory board, as base memory segments are disabled, the equivalent amount of memory 
is automatically added to the additional COMPAQ Built-in User Memory at the high 
end of the address space. For example, a COMPAQ DESKPRO 386/25 Personal Computer 
system whose base memory has been configured for 512 Kbytes contains 512 Kbytes 
(384 Kbytes + 128 Kbytes) of COMPAQ Built-in User Memory. Figure 3-3 shows the 
memory configuration for a system having 512 Kbytes of base memory. 


When base memory is configured for 256 Kbytes, there is 768 Kbytes 
(512 Kbytes + 256 Kbytes) of COMPAQ Built-in User Memory, as shown in Figure 3-4. 


On the 4-megabyte system memory board, as base memory segments are disabled, the 
memory becomes unaccessible. 
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Figure 3-3. Memory Map for Utilization of 512 Kbytes of Base Memory 
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Figure 3-4. Memory Map for Utilization of 256 Kbytes of Base Memory 





COMPAQ DESKPRO 386/25 Personal Computer 


igh 
f Hd Technical Reference Guide 3-9 





ROM Mapping 


The COMPAQ DESKPRO 386/25 Personal Computer memory system has a number of special 
features that optimize the use of the memory available beyond the base memory to 
improve system performance. Of the 384 Kbytes of additional memory available in the 
standard memory configuration, the last 128-Kbytes contain a number of special 
addressing features. This 128-Kbyte block, starting at address FE0000, can be 
relocated (mapped) via special hardware map registers to replace the 128-Kbyte area 
normally assigned to the system ROMs (0E0000 to OFFFFF). When mapped, the 

128-Kbyte RAM block normally located at FE0000 can be addressed at either FE0000 or 
OE0000. The ROM devices are not accessible while the RAM is mapped to the address 
Space normally occupied by the ROMs. 


In addition to its relocation capability, the 128-Kbyte block of RAM beginning 

at address FEQ000h can be write-protected by special hardware registers on the 
system memory board. The relocation and write-protection capabilities combine 

to allow the system ROM to be replaced with high-speed RAM having the same contents. 
This 128-Kbytes of RAM is reserved for system use. This substitution significantly 
improves system performance during execution of the BIOS that normally resides in ROM. 
The performance increase results from the faster access time of the 32-bit DRAM 
devices in comparison with the 250-ns ROM devices accessed through the 16-bit bus. 
When the COMPAQ Video Graphics Controller board is installed, its 32-Kbytes ROM is 
also copied to the 128-Kbyte RAM area. If the cache memory range switch is set for 
the O0- 12-megabyte cache range, the high memory described in the previous paragraph 
will not be included in the cache. Access to the map, system ROM, and video ROM, if 
present, will be slower. For information on the memory range switch, see Chapter 2, 
"System Board.” 
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System Memory 
Board Registers 


The system memory board has several memory-mapped registers: one is used in 
relocating RAM memory; others are for RAM diagnostics and memory size setup. 
Chapter 4, “Software Aspects and BIOS," includes a section entitled "Programming 
Examples, which provides routines for accessing these registers. 


NOTE: In order to ensure compatibility with future 80386-based COMPAQ products, 
access (reading or writing) to these registers must be done via the Block 
Move ROM-BIOS software interrupt (INT 15h, AH = 87h). The Block Move 
function in the BIOS recognizes access to the special 80C00000h location 
and takes the appropriate action to access the system registers to perform 
the equivalent function in future COMPAQ products. 


RAM Relocation Register 


The address and contents of the special, memory-mapped hardware register used in 
relocation of the RAM are shown in the following bit map. This register is a 
write-only register; it cannot be read. 


RAM Relocation 
Memory-Mapped Address 80C00000h (Write Only) 


111111 BIT 
kEGERGORARGEAaEE 


QO = Relocate 128-KB block at FEQ000h to address OE0000h 


1 = 128-KB RAM is addressed only at FEQQO0O0h 
0 = Write-protect RAM at FE0000h 
1 = Do not write-protect the 128-KB RAM at FEQOQ0Oh 


(Reserved-always write all ‘1's)} 
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w RAM Diagnostics Register 


The RAM Diagnostics register helps during tests of the memory subsystems. This 
register allows a diagnostics program to read the state of base memory size switches 
on the system board. The register also contains the status of the parity bits for 
each of the four memory banks. RAM tests occur very quickly, because they are 
performed by reading and writing 32-bit data patterns. When a parity error is 
detected, a diagnostics program uses the RAM Diagnostics register to determine which 
byte in the 32-bit double-word caused the error. 


The address and contents of the memory-mapped diagnostics register are shown in the 
following bit map. This register is a read-only register; it should not be written 
to. Writing to this register affects the contents of the RAM Relocation register. 
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It is possible to get a parity error just by reading this register. Therefore, the 
register should be read with the NMI disabled, or by using move block. 


RAM Diagnostics 
Memory-Mapped Address 80C00000h (Read Onl 





li1l111 BIT 
59432109876543210 


© 
l 


L_ 9 = Parity error in byte 0 
0 


Parity error in byte 1 


QO = Parity error in byte 2 
Q = Parity error in byte 3 
Base Memory Setting 

OO = 640 KB 

01 = Invalid 

10 = 512 KB 

11 = 256 KB 
1 = Always set to l 
0 = Always set to 0 


System memory board size 
Module A memory board size 
Module B memory board size 


Module C memory board size 


The bit values returned for the Memory Board Sizes are listed below: 


00 
10 
01 
11 


- reserved for future RAM designs 
- 1 megabyte of memory installed 
- 4 megabyte of memory installed 
- No memory installed 
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w, RAM Setup Port Register 


The configuration port contents are used to index a standard table and determine the 
“setup port’ value and whether the configuration is valid. In the normal case, the 
system would be set up with the maximum amount of memory possible for a given 
configuration. In some cases, however, the user may have a reason for restricting 
the memory size. It may be desirable to allow a setup port setting less than the 
maximum by some means. If this is done, then the value used for the setup port 

must be one of the legal port setting values from Tables 3-2 and 3-3 (memory 
configurations available). 


The Setup Port is programmed by the system ROMs at power-on time according to the 
amount of memory found. 


RAM Setup Port 


Memory-Mapped Address 80C00002h (Read/Write) 
111111 BIT 


5432109876543210 
— Litt Setup Port value 


Reserved, do not change 


Cache disable 
Cache enable 


0 
1 


Reserved, do not change 
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Table 3-2. Memory settings for the 1-Megabyte 32-Bit system Memory Board 


Setup Memory System Special Port Memory Expansion Address Range 
Port Size Memory Note Setting (64 KB block number range) 
Settings (MB) Connector Norma] (xx-yy => xx0000h-yyFFFFh) 
Location System 
3 2 1 0 A B C Memory Module Module Module 
Board A B C 

0 0 0 1 l | esis 
0 0 1 Q 2 l 2 eee 10-1F 
0 01 1 3 1 1 5... ee 10-1F 20-2F 
0 1 0 0 4 1 1 1 4 see 10-1F 20-2F 30-3F 
0 1 01 5 4 So. . eeeae 10-4F 
0 1 1 0 6 1 4 > . a=6=5 10-1F 20-5F 
O11 1 ] 1 4 1 | ae 10-1F 20-5F 60-6F 
1 0 0 0 8 4 4 1024 KB 

Unused = = = ----- 10-4F 50-7F 
1 0 0 1 g 4 4 9 === 10-4F 50-8F 
1 0 0 10 4 4 1] 10, eee 10-4F 50-8F 90-9F 
1 011 iii 4 4 4 2048 KB 

Unused j= = = ----- 10-4F 50-8F S0-AF 
1 10 0 212 4 4 4 1024 KB 

Unused = = —)  ----- 10-4F 50-8F 90-BF 
1 101 #13 4 4 4 13. ===e> 10-4F 50-8F S0-CF 
1 1 1 =+0 l Reserved = =  ) ----- 
1111 l Reserved =  ----- 
0 0 0 0 l Reserved = ----- 
NOTE: *System memory connector locations are shown in Figure 3-9. 


(empress ne eee eee ee ee eee ee ee eee ee TE OL CRIT IT TT EE ETE AA ALTE A APT EEE A REIT ED 
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NOTE: 


*System memory connector locations are shown in Figure 3-9. 


w~ Table 3-3. Memory Settings for the 4-Megabyte 32-Bit System Memory Board 
Setup Memory System Special Port Memory Expansion Address Range 
Port Size Memory Note Setting (64 KB block number range) 
Settings (MB) Connector Normal (xx-yy => xx0000h-yyFFFFh) 
Location * System 
3 2 1 Q A B C Memory Module Module Module 
Board A B C 
0 0 0 1 l 3072-KB 
Unused - -=s--- 
0 0 1 QO 2 2048-KB 
Unused - 10-1F 
0 0 1 QO 3 1024-KB 
Unused - 10-2F 
0 01 1 4 4 10-3F 
0 1 0 1 5 l 5 10-3F 40-4F 
0 1 1 0 6 1 1 6 10-3F 40-4F 50-5F 
011 1 ] 1 1 1 ] 10-3F 40-4F 50-5F 60-6F 
ty 1000 8 4 g 10-3F  40-7F 
1 0 0 1 9 4 g 10-3F 40-7F 80-8F 
1 01 Q 10 4 l 10 10-3F 40-7F 80-8F 90-9F 
1011 11 4 4 1024-KB 
Unused - 10-3F 40-7F 80-AF 
l 0 12 4 12 10-3F 40-7F 80-BF 
1 13 4 1 13 10-3F 40-7F 80-BF CO-CF 
1 0 14 4 4 2432-KB 
Unused - 10-3F 40-7F 80-BF CO-DF 
1 1 1 1~—~«15 4 4 4 1408-KB 
Unused - 10-3F 40-7F 80-BF CO-EF 
0 0 0 0 = 16 4 4 4 £«384-KB 
Unused 0 10-3F 40-7F 80-BF CO-F9 
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3 —J 
Physical Memory 

The 32-bit memory subsystem consists of a system memory board connected to the system 

board via the 100-pin connector at location J101. (The schematics for the 32-bit 

system memory board appear in Section 3.6, “Schematics. A pinout of the connector 

and a description of the signals are given in Chapter 2, “System Board.) The 

system memory board does not occupy one of the expansion slots on the 8-/16-bit 

expansion bus. 

The system memory board also contains three connectors for attaching one of two system 

memory expansion boards. This configuration allows the 100-pin connector to support 

all of the 32-bit memory. 

The system memory board uses the COMPAQ Setup Utility to set and control the memory 

configuration of the system memory board. The programmable settings and their purpose 

are described in Section 3.3, "32-Bit Memory Expansion Modules. — 

Figures 3-5 and 3-6 illustrate the component layout of both the 1-megabyte and 

4-megabyte system memory boards, respectively. —w” 
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Oo MODULE A MODULE B MODULE C O 
— P301 Oo: © P302 i P303 O 
BYTE 0 BYTE 1 





100 PIN EDGE CONNECTOR 


Figure 3-5. Component Layout of the 1-Megabyte 32-Bit System Memory Board 
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BIT 6 

4 9 U14 U52 U55 U58 U62 U65 U68 

BIT 1 BIT 4 BIT 7 BIT 1 BIT 4 BIT 7 
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o U10 U15 U19 BIT 2 BIT 5 PARITY BIT 2 BIT 5 PARITY 

BYTE 2 BYTE 3 
P402 P403 
O Om 1-020 U21 U22 OD U23 
100 PIN EDGE CONNECTOR 
ae aft O 


Figure 3-6. Component Layout of the 4-Megabyte 32-Bit System Memory Board 
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The base memory size can be configured by the switch on the system board to 
256-Kbytes, 512-Kbytes, or 640-Kbytes. When the base memory size is reduced, the RAM 
normally assigned to the base memory is mapped into the COMPAQ Built-in User Memory 
Space. The system ROM is normally copied to the 128-Kbytes space at address OFE0000h 
which is reserved for system use. 


Tables 3-4 and 3-5 show the memory address ranges provided by the l-megabyte or 
4-megabyte system board in base and COMPAQ address spaces. 


Table 3-4. 64 KB Block Values for Base Memory (1-MB 32-Bit System Memory Board) 


Base Memory COMPAQ Built-in 64 KB Block range 

Size User Memory Size for Base memor 

256 KB 640 KB (256 KB + 384 KB) 00-03 and F4-FF 

512 KB 384 KB (256 KB + 128 KB) 00-07 and F8-FF 

640 KB 256 KB 00-09 and FA-FF (factory setting) 


Table 3-5. 64 KB Block Values for Base Memory (4-MB 32-Bit Memory System Board) 


Base COMPAQ Built-in 64 KB Block range 
— Memory Size User Memory Size for Base memory 
256 KB 256 KB 00-03 and FA-FF 
512 KB 256 KB 00-07 and FA-FF 
640 KB 256 KB 00-09 and FA-FF (factory setting) 


NOTE: The “Expansion” memory will merge with the COMPAQ Built-in User Memory if 
three 4-megabyte option modules are installed on the 4-megabyte system board 
for a full 16 megabytes. 
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Memory Parity Error Codes 


As an aid to diagnosing the memory system, the system software will report any parity 
errors found during normal operation. 


For assistance in interpreting memory error codes, the memory error code format XX000Y 
ZZ is described as follows: 


XXOOOY ZZ 
Ll This value specifies which bits within a byte are bad 

OO = Parity bit 

Ol = Data bit <0> 

O02 = Data bit <1> 

04 = Data bit <2> 

08 = Data bit <3> 

10 = Data bit <4> 

20 = Data bit <5> 

40 = Data bit <6> 

80 = Data bit </7> 

FF = General memory system fault 


This value specifies which bytes within a particular megabyte 
are bad 
00 
01 
02 
03 


Byte 0 
Byte 1 
Byte 2 
Byte 3 


00 = Always 


This value forms a 64-KB block value. 
to FFh. 


Values range from 00h 
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It is important to identify the specific board that is failing by use of the XX value 
and the memory configuration you have. Look in Table 3-1 for the base memory board 
you have, then see if the XX value falls into the ranges for the amount of base memory 
you have selected. If it does, the error occurs on the system memory board. If not, 
look in Table 3-2 or 3-3 (as appropriate for your system memory board). Find the 
configuration of option boards and amount of memory that your system is supposed to 
have. The XX value reported should fall in one of the ranges for the system board, or 
option modules. If it does, that is the board that contains the error. If not, 

the error is occurring on a 16-bit memory board in one of the 8-/16-bit expansion 

bus slots. 


Once the board in question has been identified, the specific IC can be found by using 
the byte (Y) and data bit (ZZ) values. Note that specific ICs cannot be replaced in 
the field, only the board. 


The ZZ value is in a nibble format, which means that the left digit and the right 
digit are logically separate--each digit represents the state of 4 bits of the byte. 
When more than one bit is bad, each digit represents the sum of the values from the 
bad chips. Table 3-6 shows some sample ZZ values. 


Table 3-6. Memory Error Code Definitions for Bits 
ZZ(Hex) Definition 


11 Data bits <4> and <0> 

AE Data bits </>, <5>, <3>, <2>, and <1> 

00 Parity bit bad 

FF All data bits are bad; general system memory fault 


Under certain circumstances an error code of all zeros occurs. An all-zero code 
means that multiple errors were found. Conditions causing this error code might 
include improper seating of several chips or a loose expansion board connector. 
Another possibility is a Soft error (an error that only occurs once) may have 
occurred. This can be caused by power line fluctuations or a static discharge to or 
near the system. 
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Examples of Interpreting a 
Memory Error Code 


EXAMPLE 1: 


Assume that on power-on, the following error message code occurs: 


FD0001 00 201 


ie Interpret 201 as a memory-related error. 

2. You have a 4-megabyte system memory board and three 4-megabyte option memory 
modules. Interpret the code in the format XX000Y ZZ: 

3. XX = FD in Table 3-5 for the system board address you find that the range 
FC-FF is provided by the 4-megabyte system memory board. 

4. OY = 01 (byte 1); ZZ = 00 (parity bit) 

5. The 4-megabyte system memory board is bad, and the parity chip on byte 1 
is bad. 

EXAMPLE 2: 


Assume that on power-on, the following error code occurs: 


1. 


3A0003 02 201 
Interpret 201 as a memory-related error. 


You have a l-megabyte system memory board and three 1-megabyte option memory 
modules. Interpret the code in the format XX000Y ZZ: 


XX = 3A in Table 3-2 under the 4-megabyte line, find the range 30-3F for 
module C. 


OY = 03 (byte 3); ZZ = 02 (data bit <1>) 


Module C is bad, the defective chip is identified as data bit <l> in byte 3. 
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3.3 32-BIT MEMORY 
MODULES 


The 1-megabyte 32-bit memory module utilizes 256 Kbytes x 1 dynamic RAM devices and 
contains 1 megabyte of memory soldered on the board. 


The 4-megabyte 32-bit memory module uses 1 megabyte x 1 dynamic RAM devices and 
contains 4 megabytes of memory soldered on the board. (The schematics for both the 
l-megabyte and the 4-megabyte memory module appear in Section 3.6, ‘Schematics.  ) 
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Figure 3-7 shows the component layout of the 1-megabyte 32-bit memory module. 
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Figure 3-7. Component Layout of the 1-Megabyte 32-Bit Memory Module 
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Figure 3-8 shows the component layout for the 4-megabyte 32-bit memory module. 
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Figure 3-8. Component Layout of the 4-Megabyte 32-Bit Memory Module 
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There are three ways to add memory to the COMPAQ DESKPRO 386/25 Personal Computer. 
First, up to three optional l-megabyte or 4-megabyte 32-bit memory modules may be 
added to the standard l-megabyte 32-bit system memory board. Second, the 
l-megabyte 32-bit system memory board may be replaced with an optional 4-megabyte 
32-bit system memory board. And third, up to three optional 1-megabyte or 
4-megabyte 32-bit memory modules may be added to the replacement 4-megabyte 32-bit 
system memory board. 


To have proper system operation, memory must be added in the order shown in 
Figures 3-9 and 3-10. 


1MB SYSTEM MEMORY BOARD 
-SYSTEM ei Size 





SMB = REPLACE SYSTEM MEMORY BOARD 

MMA = REPLACE MEMORY MODULE IN POSITION “A” 

MMB = REPLACE MEMORY MODULE IN POSITION “B" 

MMC = REPLACE MEMORY MODULE IN POSITION “C” 

(1MB) or (4MB) = MEMORY MODULE REQUIRED 

I a 


Figure 3-9. Paths for Adding 32-Bit Memory Modules to the 1-Megabyte 32-Bit System 
Memory Board 
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SMB = REPLACE SYSTEM MEMORY BOARD 

MMA = REPLACE MEMORY MODULE IN POSITION “A” 
MMB = REPLACE MEMORY MODULE IN POSITION “B” 
MMC = REPLACE MEMORY MODULE IN POSITION “GC” 
(1MB) or (4MB) = MEMORY MODULE REQUIRED 


ee a a Na a a a a ITS 


Figure 3-10. Paths for Adding 32-Bit Memory Modules to the 4-Megabyte 
32-Bit System Memory Board 
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Configuring the 32-Bit System 
Memory Board 


The 1-megabyte and 4-megabyte 32-bit system memory boards used with the COMPAQ 
DESKPRO 386/25 Personal Computer are automatically configured for the various 
memory combinations by the COMPAQ Setup Utility. Setup ports are used by the 
software utility to set the individual memory addresses. Except for choosing the 
base memory size provided by 32-bit memory, there are no switches or jumpers to 
set. Tables 3-2 and 3-3 list the various settings for the memory sizes. 


Refer to Section 3.2 for information on setting the base memory size. 


Dynamic RAM Devices 


The standard dynamic RAM devices are used only in the standard RAS/CAS type cycles. 
Since they are all soldered in place, they are not field replaceable. 


3.4 POWER-ON TESTING 


Because a stable memory system is vital to system operation, the RAM is tested early 
in the power-on self-test cycle. A serious error in the memory can become a fatal 
error for the system. The RAM test uses 32-bit instructions to increase the speed of 
the memory test. (for specific power-on sequences, refer to Chapter 4, Software 
Aspects and BIOS.') 


Any parity error shows up as an I/0 check (Parity Check 2) with a testable bit 

(bit <6>) on port 61h indicating the error. The system memory board uses special 
circuitry to test the RAM rapidly. For descriptions of the error messages and codes 
that appear for memory errors at power-on and during advanced diagnostics, refer 

to Appendix B. 
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\w 3.5 SCHEMATICS 


The remainder of this chapter shows the schematics for the 32-bit system memory board, 
the l-megabyte 32-bit memory module, and the 4-megabyte 32-bit memory module. 


The schematics are shown in Figures 3-11 through 3-14, respectively. 


a 
NOTES UNLESS OTHERWISE SPECIFIED 
1. ALL RESISTORS ARE 1/4 WATT. SZ 





Figure 3-11 1-Megabyte 32-Bit System Memory Board (Page 1 of 7) 
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Figure 3-11 1-Megabyte 32-Bit System Memory Board (Page 2 of 7) 
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Figure 3-11 1-Megabyte 32-Bit System Memory Board (Page 3 of 7) 





COMPAQ DESKPRO 386/25 Personal Computer 





Memory 




























.: H20x2 PN H20x2_ H20X2_ H20X2 yol23_z12_1 508 2 O 
ac RSI* Cy-80r ze [801] 30 | 801] [B01] [Bor pyl22 213 ee Ae 
2a1 SPOBO= _TT-a02. 3] |_ nos ad2] [Tad2}] [Fade 21 z14 1 P5102 SH22 2 

ae fg ene ae -{-s02} ["a02} [~so2 
281, sag MRASA® arr) aT a03| [Cada] [TA03 20 zis M22, RSI12 3 | 
281. saa MRASB® [—T1-803} [803] [803 27 | | B03} {803} [7 803) a oie Roles Se? 
Pee ae fae 26-| | Ads] [~Ada] [Ada] v4 
2at. sae NCAS® 804] [804 os | ees] Eee ee. ysl18_z17__ M22, R132 5 
PAL. 3A8, saa MWE@ [| J -A05. 25 
tea a ee 411-805} [~805}] [~805) yeltZ_z18 1 R514 2 SM22_ 
AG, AOE 23 | | aoe) [Ade] [ade] ‘& Sig SM22 R515 5.5 
pai. a8. sae CSe<3,0> f Te | | 806 B06 BOG 33 | | 806] [606] [ Bde) 17 
Pty oe ee Fe valiS 220 1RS162 SMZ22 
-{-807| [807] [807 21 [1-807] [7807] [7807 5 eee 
(ToT y-a08} [7 a8} [aos 20 | [ads] [7A08] [—ada! yoll4 NC l 2 NC 
x09] [~_aog} [7_~a09! ria | [-aog}] [~aog] [a0g) 
ra_{|eo9| [609] [| _s09) ee oe roe 
yeas] aio] aig 17_| T-A1o] [Taio] [Tato] 
7 Teo) (—81o B10 5 |] eo) [aio] [mo 
re fpany) [An (aT is ~ Tan} Cait} (at 
fe Le be ee rent} Cem} Cen 
Ale] [ale] [[ ate) Taiz] [Cate] [Tate] 
rs [] sie] (813] [212 rTei2] [ei2} Cae 
[ars] (7 ata] (Tat > Ty -aAi3a) [cata] [Tats 
rT-e13] [613] [_13) ii | | 613} [e813] [_er3 
ra Ty are] (ata) [a TO] fats] [Ata] [aie 

peta} eta) are rot toy) Fats Fate 

ars] (ats) [C—AIS AIS] [CALS] [7A15} 
pon roy ers} (—387s] (as reyes} Ces} Cm R520 pasoae 

Tate] [ale] [_ale! 7 [aie] [aie] [ate| sca. ocs 

R503 pof | oie] [616 g16 rely ei6| [oie] [er6) SM33 
Pitta) (Cary) C7, CTAt?] [Catz] [7ar7] 
ee] po) PB Ee Per7} (ei7) (ai y Ree 2 _RASOB® saa. cas 
C[-A1 8) =a 
SMa. 2K Ps] | Be. 516 g1e 3s f-31s) [eis] (ers) 

Tats} (Cars) (Ca rears] [cars] [Targ) os 
see B11M* T2819) Bic [er9] {eis} (er 2 WEO* sae. soe. 688. 00e 
sae Bl4ne oe | ae ; B| [7A20] [Ta20) SM33 

(820. (820. (820, To | 620] [620] [820] 

Bb aeeaKe ) | Paoz™ | P403 P30! P302 P303 1 R526 9 

sca. 6as. ace MO< 31; Q> Wy, 
| SM33 

821M rsig. 4°" 

SMS. 2K 
le | R527 2 
M 

388 B31Me on33 
— Sasa ais 
SMS. 2K SN33 


MRASA® 





Figure 3-11 1-Megabyte 32-Bit System Memory Board (Page 4 of 7) 





COMPAQ DESKPRO 386/25 Personal Computer 


Technical Reference Guide 3-33 





NE 0 IS (EC EE ann (MONEE 





2S56KX1-10 2S6KX1-10 2S56KX1-10 256KX1-10 256Kx1-10 2S56KX1-10 256KXx1-10 296KX1-10 256KX1-10 
l l l l l 


LS Az ae: eK 
= anh 
ar Te rv 





01, 58s. sos. 6aa MAS<9; Q> 


Bi, $88. S08. 688 J# 


agai. sca RASOA®e 
aati CASZ* 


4 e e e e 
O1 Jol Jor 
C 14 100 1419 P14 | 14 150 14 
201. 388. 4a98 LJ < > 


S3A8. SCS. GAS 








256KxX1-10 2S56KX1-10 256KX1-10 256KX1t-10 256KX1-10 256KX1-10 256KxX1-10 256KX1-10 256KXx1-10 
l l 1 l l 1 




















D1. $88. 508. 608 MAB<9; O> 


a g1.5ee. 508.608 WEU« 


461.580 RASOBe 
sai CAS3e 


201. 380. 4a8 MUK< > 
SAS. 3C&. 6C8 





A: Ee EE ee a | ee Se 


Figure 3-11 1-Megabyte 32-Bit System Memory Board (Page 5 of 7) 








COMPAQ DESKPRO 386/25 Personal Computer 





2S6KX1-10 256KX1-10  256KX1-10 256KX1-10 256KX1-10 
l l 1 l 





D1. Ses. aes. 60s MAG<9; O> 
Bi, S8e. 6886. 602 je 


aai.ecea RASOAe 
aati CASQ# 





201. 388. 4ae MU< > 
SAS. 6A8. 6C8 


256KX1-10 256KxX1-10 
l l 


ry, | 8 a7 
GER PY; La dag 
| 10 | __ 10 | 

Te rv Lil dag 


D1. 508. 888. 806 MAS<9; O> 
81, SOS. 688. 608 Je 


481.0688 RASOB+ 
sai CASlLe 





201. 388. 4ae MO< Q> 
S5C8. GAS. 6C8 





Figure 3-11 1-Megabyte 32-Bit System Memory Board (Page 6 of 7} 





COMPAQ DESKPRO 386/25 Personal Computer 





SERIE AEDES (SIRES eT  -eee  Se e e 


256KX 1-10 





256KxX1-10 
l 





I Ay SSN (EER EC ee ee 





Technical Reference Guide 3-35 





ry SEE ee ee, ee Ee ee 





' ¢Ssdl ' ¢S02 ‘ ¢Ss03 ' ¢S504 t ¢S0S ‘ CS06 t C507 t ¢sos t ¢S09 ! ¢cs10 ' csil ' csSl2 ' ¢cS13 'cSi4 ' CSILs 1 cSi6 
M1 QuUF M. 001 4. 001 Mm. OO1 M. OO1 M1LOUF M. OOL M. OOl 4 10OuUF M. 1 M. | Pom | M. 1 M. 1 M. 1 beh 

>, T BUF, C uF, C b> wF, C pur, C p>, T b uF, C > uF, C >, 7 > UF > UF > UF > UF > UF > uF D uF 

' cS17 ' csis ' ¢cs19 t C520 t cS21 t C522 t C523 ' C524 t ¢525 C526 t C527 1 ¢cS28 ' C529 ! ¢S30 ' ¢531 1 C532 
M. 1 M. | M. O01 M. | M. M. 1 M. 1 M. 1 M. OO1 M. 1 M. I M. 1 M. 1 M. OO M1OuUF - O01 

UF Db UF pur. C UF Db UF » UF b uF > uF 2uF.C D UF » UF 2 ur > UF 2 uF. C p>. T pur. C 


' ¢533 ' ¢534 ' ¢s35 ' CS36 ' C537 ' ¢s38 ' ¢S39 t ¢540 t C541 ' C542 ' C543 ' C544 ' ¢S4S ' ¢546 
M. OO1 M. 1 M. 001 M. | M. OO1 mM. OOL M. 1 M. OOl M10QuUF M. 001 M1 OUF 61 mM. O01 mM. OO1 
2uF.C > UF PUFF. C 2 uF BUF. C 2uF.C 2 uF D> uF, C >. 7 2p UF, C >. 7 2 UF 2uF.C 2uF.C 
C ! ¢550 ' ¢55! ' css2 ' ¢553 ' ¢554 ' ¢555 ' C556 t ¢557 ' ¢558 1 ¢559 C560 t ¢cS561 ' ¢562 ! C564 ! ¢565 C 
M. 1 M. 1 M. | M. | M. 1 M. I M. 1 M. 1 M. OO1 M. 1 M. | | M. O01 M. 1 oe | 
p UF > UF D uF D UF D uF D UF b UF D UF pur, C 2 UF D UF D ur p> uF, C 9 UF 0 UF 
' C566 ' C567 ' ¢c568 ' C569 t C570 ' ¢571 ' C572 ' C573 ' C574 1 ¢575 t ¢c576 ' C577 ! C578 ' ¢579 ' ¢cS580 1 cS81 
M. 1 M. 1 M. 1 M. | M. | M. 1 M. 1 M. 1 M. OO M. 1 M. ol M. 1 M. OO1 M. 1 | 
D UF > UF > UF Db UF 2 UF 2 UF D> uF b uF puF,C D> UF > UF 2 uF Dp UF aur, C > UF > UF 
' c582 ' ¢583 t ¢584 ' ¢cs58s5 ' C586 ' C587 ' ¢c588 t ¢589 t ¢590 1 ¢cs91 
M. 1 M. 001 M. | M. 1 M. 1 M. 1 M. 1 M. | M. 1 M. | 
2 UF DuF,C 2 UF p uF p> UF 2 UF Dp UF 2 uF D UF D UF 
\/ 


THESE CAPACITORS SHOULD BE EVENLY DISTRIBUTED ABOUT 
THE BOARO WITH THE .047 ANO LOUF VALUES MIXED UP. 
ee: i Se ee Re a: eS 


Figure 3-11 1-Megabyte 32-Bit System Memory Board (Page 7 of 7) 








COMPAQ DESKPRO 386/25 Personal Computer 


Ro 
li 3-36 Memory 





Ny A CN = SO - S ” O Q = QO Zw 
NOTES UNLESS OTHERWISE SPECIFIED: 
lL. ALL RESISTORS ARE 1/4 WATT. 5z 





8 7 6 ) 4 3 2 l 


Figure 3-12 4-Megabyte 32-Bit System Memory Board (Page 1 of 7) 


COMPAQ DESKPRO 386/25 Personal Computer 


Technical Reference Guide 3-37 








6A8. 6C8 





3ai PARROe 
jae FARWRe 







Re<3; O> 





3 " LS20 


Geer 
rl 4_~pioa } 
Cia 










*<3; U> 3A8. 4A8. 4C8 

RASA + 4A8. 408 
MRASB @ 4a8. 400 
COLSEL*® 3¢8 









MCAS@ 4a8. 408 
MRO « 3A8 

MWE # 3A8. 408, 408 
W-R 3c 8 






REFEN@ 3C8 
FACO? 308 
OLAGe 3C 1 
CPROM* 381. 306 











Sw<> 3c8 


M32° 1 







SP0100" «08 
RST 





Figure 3-12 4-Megabyte 32-Bit System Memory Board (Page 2 of 7) 





COMPAQ DESKPRO 386/25 Personal Computer 












2pr A< A#t =COL 
F1S8 B=H=ROW 























2 
em 
11 em ay L728 MA<9: Q> «08 
Com i ia ae 
iQ | it | 3y \9 7 
‘Gg | 10) rs 
is | 14), : 
Cz EAP 
2al a SEL 

2A1. 38 [me C 

ae 


2at REFENe 
c 2at COLSEL® RSI* «os C 
x ° 408 
2a. W-R RSJ* 408 
2C 1 Kod 













A3 
A2 
Al 


A 
: Ule 


COLSEL? Ll 
-. aes 5 
P WHR 
LT RWPe 3 


201, 4as. sas MO< CPROM* 2a1. 308 


SC8. 6A8. 6C8 


see B81 1Me 
sep O814Ne 
488 [Meo 
488 4Me 
486 IM@ 


aa Pears 
ae Crea 
ee 
ae eee 
a6 G34Me as 


3at OIAGRO® 


zat RSTe F32 


22 2 PARRD® one 





2At. 4ag. 408 MWE@ 
2p0e PARWRe 


281. 4a9. «ca CSe< 


2wRe 
Awe 


Figure 3-12 4-Megabyte 32-Bit System Memory Board (Page 3 of 7) 





COMPAQ DESKPRO 386/25 Personal Computer 


Technical Reference Guide 3-39 








H20x2 "SMCS 20x2_ H20X2_- H20X2 yol23__Z12_1 508 3 0 
ac RSL 801} | Co80r : BOT agar 
zx Sioa aoe] | ete ai zie 1FS10g S02 

| | 4 Bee | B02 B02 B02 | 
zai. ane MRASA® ros} [2 —A08 20 zis M22 R511 2 3) 
281. sae MRASBe || | 803] [B03] BC __803) RS12 SM22 
oe | CAOS | AO4 A04 AO4 yaLi9__Z16 1 2 4 
2a. sae MCAS© [304] (804) : SM22. | RSI35 5 
Pat, 3A8. 4ag MWE@ | | | AOS AOS 
605] (805 0 : (72181. he Nee 6 
per. ane, ane CS2=320> f J 2 11 806) 30 : eee 


1 RSIG5 SM22 g 
SM22 \ RS17 29 
SM22 C 





AQY 
809 


pt eh ee) ae [eo ny 
B 
Oj;O 
NYO 
ail ha fal BF b= FS olalals BOI SIalsla 
— -— Q Lewd 
—OOILW)/W!I Dia NIGHO) Uli & NJ —_ 





J > 
N 
re > | CA >| > | o>i o> > >Iia @Mi>iaw ITH >IC ee e eo @ ee 
Oi CON CO Ow O} > =| CHOW) WI a NC aw] 
OW) Oi Ci = ui e e ae 
>I Mi >i@ o> >I 
- Ojo O}O 
-_ @' Ile) le) e 





B04 | 
__ 805) 
| B07) | B07] 
| AOS, 
___—«B09) 
LALO 
we 
155 i4 Tf Bii} | Bit} | ett) 
ig (tats 
ae] e132] (eie] Ca 
Al lo ff ALS 
1) ti | | 613] | 8t3) | Bt3 
10 | | Als 
PALS. 
| BIS) 8 jt Bis) {| Bis) 7 bts R520 
TL AIS 1 R520 2 _RASOA® sce. ace 
-———si6) re] [616] (ie) (sie SM33 
Fg t4-at5 MRASB g f3e 
a BIZ! _Bi7] | Bi7} | Bi7) = R522 
Paty ate] [Tate P1i2ac 821 1 TN 2 _RASOB® ses, one 
CE - 11) \ 3 | | els Bis; | Bis 32 5M33 
NI:) PS arg] (Fais} [Ate RSO- j — 
: BIS BIS Laie BIS} | BIS} | BID Mwee : 6 22 1 2  WEO* 96. 508. e88. a0e 
8 8 e | A2OQ} { A20| SM33 
|__820) Facns oO] 820 F32 
a MCAS* 12 
201. 388.548 23), L } | Paoe” | P403 1, P30” P3027 P303 H3f1230) tL 24 1 R526 
SM33 
see B21M* yf Rsig g F322 
SMB. 2K P1023 8 ZS_1 : R528 2 
3e0 824Me R518 SM33 
SM8. 2K . fon RS27 
3aa 831Me RSO1 S230 ),8 761 2 
SM33 
F32 
sas 834M L {i23n ) 3 77 1 P5252 
; SM33 


281. 408 MRASA®@ 
281. 40a MRASB*@ 

3c1 RSO* 

2A. 3A8. 06 MWE@ 


2ati. 408 MCAS@ 
281. 3A8, <c8 C5°< 3; C 





Figure 3-12 4-Megabyte 32-Bit System Memory Board (Page 4 of 7) 





COMPAQ DESKPRO 386/25 Personal Computer 





a AT ae (NES On, (Dn PCG (NI: Rn (ee 








IMX1-10 IMX1-10 IMx1-10 IMX1-10 iMx1-10 1mMx1-10 IMxX1-10 IMx1-10 IMx1-10 
1S iS l S iS l 


401. See, eee. aoa MAB<9; O> 
481. 586. 686. 608 WEUF 


aeit.eca RASOA* 
aati CASO? 





201. 380. 4A6 J < > 
SA8, BAS. 6CB8 





LMxX1-10 1MX1-10 IMX1-10 1MX1-10 I1Mx1-10 IMxX1-10 





IMx1-10 
S 


401, 508. cae, cos MAB<9; O> 
481. 508. 688.608 WEO* 


461.686 RASOB« 
aai CASle 


201. 380. 4A6 MU< > 
SC8. 5A8. 6C8 





a, RE (A a AREER (NY UE GS 


Figure 3-12 4-Megabyte 32-Bit System Memory Board (Page 5 of 7) 





COMPAQ DESKPRO 386/25 Personal Computer 


ag 











a SOR Se ee ee eT (ee EE 


IMX1-10 IMXt-10 IMx1-10 1MX1-10 IMX1-10 
S S 





401. $8@. sOe. eae MAB<9: O> 
481. 586. SOS. 688 WCUF 


48..sca RASOA# 
aati CASe* 


201. 386. 4ae MO< > 
SAa, SCS. GAG 


IMX1-10 IMX1-10 IMX1-10 IMX1-10 IMX1-10 
S S S S 


401. 588. S08. 608 MAB<9: O> 
481. 588. SOS. 608 Je 


461.586 RASOB* 
aati CASIJe 


Figure 3-12 4-Megabyte 32-Bit System Memory Board (Page 6 of 7) 


i 20 a ee ee ee ee ee ee eee ee ee 


Technical Reference Guide 3-41 





IMxX1-10 IMx1-10 IMX1-10 IMxX1-10 
=, 








IMX1-10 IMx1-10 IMX1-10 IMX1-10 
1S 1S 15 





COMPAQ DESKPRO 386/25 Personal Computer 





ae: a EN ee, OE eae cee Raa eee: RE: Nae Re Ree 





' ¢S01 ' c502 t ¢503 ' ¢s04 ' C505 ' C506 ' C507 ‘csos_ /|' cs0o9 'csio —|F csil ' cSl2 'csi3 'csi4 ' CSIs 


M LOQuUF M. 001 mM. OOl M. OO1 M. OOl M1 OuF M. OOl M. OO! M1OuF M1 M. 1 a | M. 1 M. I M. 1 
>, T aur, C pur, C pur, C pur, C >. 7 2 uF, C 2 uF, C >, 7 2 UF 2uUF “0 2 2 UF p> uF 2 uF 
' c517 ' c5i8 t¢c519 t C520 t C521 t C522 ' C523 ' C524 t ¢525 ! C526 t C527 t ¢528 ' C529 ' ¢530 !c53l 
M. 1 M. 1 mM. OO1 M. | M. I M. 1 M. | M. 1 M. OO M. 1 M. | am | M. 1 M. OO1 M 1 OuF 
2 UF p> UF a uF. C 2 uF 2 uF 2 uF » uF 2 UF puF.C > UF 2 UF 2 UF > UF 2uF.C 2.7 
' ¢533 ' ¢S34 t ¢S35 ‘ ¢S36 t C537 t ¢538 t ¢539 t C540 ' C541 ! C542 t C543 ' C544 ' ¢945 ! C546 
M. OOl M. 1 mM. O01 M. | M. OO1 mM. OOl M. 1 M. OOl M1 OuF mM. OO1 M1OUF ae | M. OO1 M4. OO1 
puF.C 2 UF 2uF.C 2 UF auF.C puF.C > uF pur. C >. 7 puF. C >. 7 “Ae 2uF.C puF.C 
C 1 ¢550 ' css! t ¢552 t ¢553 ' C554 t ¢555 ' C556 ' ¢557 ' ¢558 ! ¢559 C560 t C561 ' C562 | C564 
M. 1 M. 1 M. | M. | M. I M. | M. 1 Mol M. OO1 M. 1 M. 1 net M. OO1 M. 1 
> UF > uF > uF » UF » UF » UF > uF » UF pur, C D> UF > UF » Ur uF, C > uF 
t C566 ' ¢€567 t ¢568 ' C569 ' ¢570 t ¢571 t C572 ' ¢573 1 C574 1 ¢575 f C576 ( C577 t ¢578 ' ¢S79 ! ¢58s0 
M. 1 M. 1 M. | M. 1 M. I M. 1 M. 1 M. 1 mM. O01 M. | | mal | M. 1 mM. OOl mM. 1 
> UF > UF “Aa > UF ag > UF > UF 2 UF pur, C » UF > UF > Ur > UF aur, C -A 
t C582 ' ¢cs8s3 t c584 t ¢585 t C586 C587 t ¢c588 t ¢589 t ¢590 1 c5sgl 
M. 1 M4. 001 mM. 1 mM. | M. M. l M. 1 M. 1 M. | M. 1 
2 UF BUF, C > UF uF > UF > UF » UF UF > UF > UF 


THESE CAPACITORS SHOULD BE EVENLY OISTRIBUTED ABOUT 
THE BOARO WITH THE .047 ANO 1!OuF VALUES MI[XED UP. 


CEI ae nnT [ORIN ONTO (RERUN SOP, NUE OEE (Ie (I 


Figure 3-12 4-Megabyte 32-Bit System Memory Board (Page 7 of 7) 


1 CS16 
SM. 1 
2 UF 


1 C532 
5M. 001 


2UF.C 


' cs65 
-t 


haw | 


2 UF 


'cSe8l 
we 


2 UF 








COMPAQ DESKPRO 386/25 Personal Computer 









Ll. ALL RESISTORS ARE 1/4 WATT. SZ 





Figure 3-13 


l1-Megabyte 32-Bit Memory Module 


9 


(Page 1 of 5) 


Technical Reference Guide 3-43 


ee ee ed 


NOTES UNLESS OTHERWISE SPECIFIED: 


O 


ee] 


COMPAQ DESKPRO 386/25 Personal Computer 





p. 
é 
p, 
uA 


a) 

ee 5 
ij 
| 

a) 

5 
© 


SUREERSEREE 
Ul 
Tt 
e ® 


He LLL Let: Lae Ie le 
O “J 11 Ol Ci — o) Bi iee 
il 


: ee oo oe WU 06 ae oe ee oe oe 06 LU ee ve ee 
- CHOIO @e |e oie oe 
ee a ~J]1 ONO LON LO o 
ry LA oe ee ee! ce ee ee oe ee ee; ee 7 
oO Co Ce We WOT Os OO On OC ) 


PO 
Ps conan: 
Eas pe 
BI ams nano! 28 
AIS | | lt 
plg —s IMBYTEe 
0 4MBYTE@ 
Boo. Cd] CO 
J301 


q 
4 





Figure 3-13 1-Megabyte 32-Bit Memory Module (Page 2 of 5) 





COMPAQ DESKPRO 386/25 Personal Computer 


SM29827A 









i i: Sr: SE SE ey Gees Se 





CAS3¢ 


CAS2* 


CASi# 


CASO» 





Technical Reference Guide 3-45 





i: ie a ee Re ee (ee Sen, SE ners ee Dee 


SM256KX 1 SM2S6K Xt SM2S56KX 1 SM2S56KX 1 SM256KX 1 SM2S6KX | SM2°36KX 1 SM2S56K X 1 SM2S6KX 1 
| l 





MO<313 O> 


SM256KX 1 SM256KX 1 SM256KX 1 SM2S56KX SM2356KX 1 SM256K X 1 SM2S6K x | SM2S6KX | SM256KX 1 





Figure 3-13 1-Megabyte 32-Bit Memory Module (Page 3 of 5) 





COMPAQ DESKPRO 386/25 Personal Computer 





ae ee Ee: Ree EN cae A EES ae: ee ee See 


SM256KX 1 SM256KX 1 SM2S6KX 1 SM256KX 1 SM236KX 1 SM256K X | SM2S6KX 1 SM2S56K X1 





MO<31; O> 


SM2S6KX 1 SM256KX | SM256KX 1 SM2S6KX 1 SM2S56K x | SM2S56K Xt SM2S6KX 1 SM256KX 1 
1 l l 





I I Se Se SC - 


Figure 3-13 1-Megabyte 32-Bit Memory Module (Page 4 of 5) 





COMPAQ DESKPRO 386/25 Personal Computer 





SM2S6KX 1 





SM2S6KX 1 





Technical Reference Guide 3-47 










t a an ' cs 1 ee 
rSM. luF 
' cis t ¢c19 t C2) ' C22 t C28 ' C29 : ae 
M4. 001 M. OO1 -O0ol 
BM. LuF WS. O01 7 aM. 1uF SM. O01 7 SM. LuF SH: OF 


1 ¢33 1 C34 1 C35 ' C36 t C37 ‘C38 ' C39 t C40 ‘Cal C42 
M. LuF . LuF M. LuF M. 001 7Sm. 1uF 77SM. LuF . LUF 77S. LUuF . LuF mM. 001 


° ° e o uF. C ° ° ° 7 . os uF, C 
\/ 
'csoo ft.cso: ft_cso2_—‘ft_cso3 
C Soe e <i. pale rally 








Figure 3-13 1-Megabyte 32-Bit Memory Module (Page 5 of 5) 





COMPAQ DESKPRO 386/25 Personal Computer 


A AF 
Up 3-48 Memory 





8 7 6 ) 
NOTES UNLESS OTHERWISE SPECIFIED: 
lL. ALL RESISTORS ARE 1/4 WATT. Sz 


8 7 6 s) 


Figure 3-14 4-Megabyte 32-Bit Memory Module (Page 1 of 5) 


COMPAQ DESKPRO 386/25 Personal Computer 


Technical Reference Guide 3-49 
















1 RIB a WEAB* ce 7ce 
SM33 
1 RID 2 WEBBe .4ce8 scs 
SM33 
» RIG a RASA® 4es sas 
SM33 
1 RI7 2 RASB® eae 788 
ay {eS 
01 31 O01 R14 
BOL | __—-30. pol | ! 2 CAS3° sae ace 
AO2___| ce SM33 
ROS ‘i ee oe 
g R15 
Bos. | | 27. pos | ! 2 CAS2° see sce 
C nos | {| 6) pos | id SM33 C 
an pos | S 
on oe = 5 ar p38 ) 6 ze_1 Rl2 2 CASI * ope ece 
° 305 ; 
poe. | | 3] eet SMF 32 aa 
p06. | | 22) pos | 2 me 
“ana ae To aaa ban )3 Z7_1 2. CASO* 780 7c0 
Boy | y 21 poy |. | SM33 
nos | | 201 hos + | a 
pos | | 19) a | 2___MAg 
nog. | | 18] i: SM22 
Boyt Boo | - RO oe ake 
Alo 17 Alo _| 
pio. | | 16) pio. | 1 SM22 
LOS i SD i a 1 R7 2 a7 
en tre a SH29827A a 
Bi2 | pig 2 z9 u 2____ MAG 
Ais | {ie NER SM22 
Bis__| | 11. Bis |_ 1 1 RIO 2 mas 
Ald. | | 10. Als | 
a J 2 SM22 
AIS AIS 714 ) RS 2 
pis | | 8 pis. | a 
Alo. | | 7) Alo |_| 16 RQ 
pi6. | | 6 . Bio |_| PO 2 
ae wl7_ | {| PL. Z18 SM22 
Bi? | a 3 1 R22 
Alo || 4. Als p2 
pig pig PS) es 
Aid. | | CO AIg |_| 1 R3 2 
BIg a BIS | | IMayYTE~ SM22 
a ACO. ~+| + 4NBYTE* Sy, RI 
BoC les B20 ¢ 
301 J401 SM22 





a ee SS SE RE ee ee Se ee ee 


Figure 3-14 4-Megabyte 32-Bit Memory Module (Page 2 of 5) 





COMPAQ DESKPRO 386/25 Personal Computer 





a a a 


SMIMX1-10 SMIMX1-10 SMIMX1-10 SMIMX1-10 SMIMXI-LO0 SMIMXI1-10 SMIMXL-10 SMIMX1-10 
22 22 





MO<31: O> 


SMIMXL-10 SMILMXI1-LO SMIMXI1-10 SMIMXI1-10 SMIMXI-10 SMIMXI-10 SMIMXI-10 SMIMX1-10 
2 22 22 22 22 22 





a Ree ER a, A a Re, SO ae ee ee 


Figure 3-14 4-Megabyte 32-Bit Memory Module (Page 3 of 5) 





COMPAQ DESKPRO 386/25 Personal Computer 





SM1MX1-10 
22 





SMIMxX1-10 
22 





Technical Reference Guide 3-51 





a 


SMIMX1-10 SM1LMX1-10 SMIMXI-10 SMIMX1-10 SMIMX1-10 SMIMX1-10 SMIMX1-10 SM1MX1-10 
2 22 22 22 22 22 22 












SMIMX1-10 
22 





O< 313; O> 


SM1IMX1-10 








SMIMX1-10 SMILMxX1-10 SMIMXit-10 SMIMX1-10 SMIMX1-10 SMIMX1-10 SMLMX1L-10 SMIMX1-10 
22 22 22 22 


Figure 3-14 4-Megabyte 32-Bit Memory Module (Page 4 of 5) 





COMPAQ DESKPRO 386/25 Personal Computer 










ee 


1 Cl 'c2 L C7 ‘ce : 1C14 1 Cis 1 C16 
M. 1 - 001 M. 1 M. O01 M. LuF - 001 . UF 
Sree Tee A ; ; : ale ec EL ; ; > C:tC“<i«‘~ié WC 
1 C2) L C22 ! ‘C28 ! C29 1 C32 
. 001 001 
SM. tur ASN. COL A SM. tur SH: OOL 7 SM. LuF 












133 ' C34 ‘C35 ‘ C36 ‘ C38 ' C39 ' C40 ‘Cal 6c42. oh C37 
M. LuF . LuF - OO Sm. tuF 775M. UF M. O01 7Sw. 1uF M. O01 “Sm. LuF M. 001 
, > Ct puF.C pb  puF.C Bb “buf. 
\V/ 
'csoo) =f'.csor = f_cso2_t_cso3 
LOuF. T 4S10uF. T 4S10uF. T 7s 10uF. T c 
C SM ‘So SM Su 


Figure 3-14 4-Megabyte 32-Bit Memory Module (Page 5 of 5) 





COMPAQ DESKPRO 386/25 Personal Computer 


Technical Reference Guide 





CONTENTS 
Chapter 4 
SOFTWARE ASPECTS AND BIOS 

4.1 PROGRAMMING CONSIDERATIONS 4-1 
Processor Identification Routine 4-1 
Coprocessor Identification Routine 4-3 
Version 1 4-4 
Version 2 4-5 

Key Software Features 4-6 
software Compatibility | 4-7 
Programming Anomalies 4-10 
COMPAQ DESKPRO 386/25 System Speed Control 4-31 

AUTO Speed 4-32 
COMPAQ Expanded Memory Manager 4-33 

Weitek Coprocessor Support 4-37 

Disk Caching 4-38 

Cache Memory Control 4-39 
Power-On System Initialization 4-39 

4.2 BIOS INTRODUCTION 4-43 
Protected-to-Real Mode Reset 4-43 

Reset Codes 4-44 

4.3 FUNDAMENTALS OF INTERRUPT CALLS 4-45 
4.4 BIOS INTERRUPTS SUMMARY 4-46 
4.5 PROCESSOR INTERRUPTS 4-52 
INT OOh - CPU - Divide By Zero 4-54 

INT O1h - CPU - Debug Exceptions 4-54 

INT O3h - CPU - Software Breakpoint 4-55 

INT 04h - CPU - Arithmetic Overflow 4-55 

INT O5h - CPU - Bound Exceeded - SW - Print Screen 4-56 


COMPAQ DESKPRO 386/25 Personal Computer 





4.5 PROCESSOR INTERRUPTS (Continued) 


INT O6h - CPU - Invalid Opcode 4-56 
INT 08h - CPU - Double-Fault Error 4-57 
INT OAh - CPU - Invalid TSS 4-57 
INT OBh - CPU - Segment Not Present 4-58 
INT OCh - CPU - Stack Segment Overflow 4-59 
INT ODh - CPU - General Protection - HW - IRQ5, Not Used 4-60 
INT OEh - CPU - Page Fault - HW - IRQ6, Diskette Interrupt 4-60 
4.6 CACHE MEMORY INTERRUPTS 4-61 
INT 16h, AH = F4h - SW - Cache Controller Status 4-61 
INT 16h, AH = F4h, AL = 00h - Return Cache Controller Status 4-61 
INT 16h, AH = F4h, AL = Oth - Enable Cache Controller 4-62 
INT 16h, AH = F4h, AL = 02h - Disable Cache Controller 4-62 
4.7 COPROCESSOR INTERRUPTS 4-63 
Intel 80387 Coprocessor Interrupts 4-63 
INT 07h - CPU - Coprocessor Not Present 4-65 
INT 09h - CPU - Coprocessor Segment Overrun - HW - IRQ1, Keyboard 4-65 
INT 75h - HW - IRQ13, Coprocessor Error 4-66 
Weitek Coprocessor Interrupts 4-66 
4.8 TICK COUNTER/REAL-TIME 
CLOCK (RTC) INTERRUPTS 4-67 
INT 08h - HW - IRQO, Tick Counter Interrupt - CPU Double-Fault 4-70 
INT 1Ah - SW - Tick Counter/RTC 4-71 
INT 1Ah, AH = 00h - Read Tick Counter 4-72 
INT 1Ah, AH = Oth - Set Tick Counter 4-73 
INT 1Ah, AH = 02h - Read RTC Time 4-73 
INT 1Ah, AH = 03h - Set RTC Time 4-74 


mee imme mmm 


COMPAQ DESKPRO 386/25 Personal Computer 


Technical Reference Guide 





4.8 TICK COUNTER/REAL-TIME 
CLOCK (RTC) INTERRUPTS (Continued) 


INT 1Ah, AH = 04h - Read RTC Date 4-74 
INT 1Ah, AH = 05h - Set RTC Date 4-75 
INT 1Ah, AH = O6h - Set RTC Alarm 4-75 
INT 1Ah, AH = 07h - Reset RTC Alarm 4-76 
INT 1Ch - SW - Tick Counter Service 4-76 
INT 4Ah - SW - RTC Alarm Service 4-77 
INT 70h - HW - IRQ8, RTC Interrupt 4-78 
4.9 SYSTEM INTERRUPTS 4-79 
INT 02h - HW - Non-Maskable Interrupt "(NMI)" 4-80 
INT 11h - SW - Equipment Configuration 4-81 
INT 12h - SW - Base Memory Size 4-83 
INT 15h - SW - BIOS Extension 4-84 
INT 15h, AH = 4Fh - Keyboard Scan Code Intercept 4-85 
INT 15h, AH = 80h - Device Open 4-86 
INT 15h, AH = 8th - Device Close 4-87 
INT 15h, AH = 82h - Program Terminate 4-88 
INT 15h, AH = 83h, AL = 00h - Event Wait 4-89 
INT 15h, AH = 83h, AL = Oth - Cancel Event Wait 4-90 
INT 15h, AH = 84h - Joystick 4-91 
INT 15h, AH = 85h - SYS REQ Key Routine 4-93 
INT 15h, AH = 86h - Unconditional Wait 4-95 
INT 15h, AH = 87h - Block Move 4-96 
INT 15h, AH = 88h - Extended Memory Determination 4-97 
INT 15h, AH = 89h - Enter Protected Mode 4-98 


COMPAQ DESKPRO 386/25 Personal Computer 





4.9 SYSTEM INTERRUPTS (Continued) 
INT 15h, AH = 90h - Device Wait 
INT 15h, AH = 9th - Device Post 
INT 15h, AH = COh - Return System Environment 
INT 18h - SW - Boot Fail 
INT 19h - SW - Bootstrap 
4.10 DISKETTE DRIVE INTERRUPTS 
Common Operations 
Determining Media in a Diskette Drive 
Formatting a Diskette in the 1.2-Megabyte Diskette Drive 
Formatting a Diskette in the 1.44-Megabyte Diskette Drive 
Diskette Drive Interrupts 
INT OEh - HW - IRQ6, Diskette Drive Interrupt - CPU - Page Fault 
INT 13h - SW - Diskette Drive |/O 
INT 13h, AH = 00h - Reset Diskette Drive System 
INT 13h, AH = Oth - Sense Status of Last Operation 
INT 13h, AH = 02h - Read Sectors 
INT 13h, AH = 03h - Write Sectors 
INT 13h, AH = 04h - Verify Sectors 
INT 13h, AH = O5h - Format Track 
INT 13h, AH = 08h - Read Drive Parameters 
INT 13h, AH = 15h - Get Drive Type 
INT 13h, AH = 16h - Get Drive DISKETTE CHANGE- Signal Status 
INT 13h, AH = 17h - Set Drive Type for Format 
INT 13h, AH = 18h - Set Media Type for Format 
INT 1Eh - PTR - Diskette Drive Parameter Table Vector 
INT 40h - SW - Diskette Drive |/O 


tam tm mamma mmm a a ee eee 


COMPAQ DESKPRO 386/25 Personal Computer 


4-101 
4-102 
4-104 
4-105 
4-106 
4-107 
4-107 
4-107 
4-108 
4-108 
4-108 
4-112 
4-113 
4-114 
4-115 
4-116 
4-117 
4-118 
4-119 
4-121 
4-122 
4-123 
4-124 
4-125 
4-126 
4-127 

















Technical Reference Guide 


PRINTER INTERRUPTS 

INT O5h - SW - Print Screen 

INT ODh - HW - IRQS, Printer, Secondary 

INT OFh - HW - IRQ7, Printer, Primary 

INT 17h - SW - Printer I/O 

INT 17h, AH = 00h - Print Character 

ASYNCHRONOUS COMMUNICATIONS INTERRUPTS 

INT 17h, AH = Oth - Initialize Printer 

INT 17h, AH = 02h - Get Printer Status 

INT OBh - HW - IRQ3, Comm, Secondary - CPU - Segment Not Present 
INT OCh - HW - IRQ4, Comm, Primary - CPU - Stack Segment Overflow 
INT 14h - SW - Communications |/O 

INT 14h, AH = 00h - Initialize Port 

INT 14h, AH = Oth - Transmit Character 

INT 14h, AH = 02h - Receive Character 

INT 14h, AH = 03h - Sense Communications Status 

INT 14h, AH = 04h - Alternate Initialize Port 

INT 14h, AH = 05h, AL = 00h - Read Modem Control Register 

INT 14h, AH = 05h, AL = Oth - Write Modem Control Register 


4.13 KEYBOARD INTERRUPTS 


SYS REQ Key 
Keyboard Indicators 
Miscellaneous BIOS Keyboard Information 
INT 09h - HW - IRQ1, Keyboard Interrupt 
INT 16h - SW - Keyboard |/O 
INT 16h, AH = 00h - Get Key 
INT 16h, AH = Oth - Check for Key Available 


COMPAQ DESKPRO 386/25 Personal Computer 


4-128 
4-129 
4-131 
4-131 
4-132 
4-133 
4-136 
4-134 
4-135 
4-138 
4-139 
4-140 
4-141 
4-142 
4-143 
4-143 
4-145 
4-146 
4-147 
4-148 
4-148 
4-148 
4-151 
4-153 
4-154 
4-155 
4-156 





4.13 KEYBOARD INTERRUPTS (Continued) 


INT 16h, AH = 02h - Read SHIFT Status 

INT 16h, AH = O3h - Set Repeat Key Rate and Delay 
INT 16h, AH = 05h - Place Scan Code and Character 
in Type-Ahead Buffer 


INT 16h, AH = 10h - Get Enhanced Key from Type-Ahead Buffer 
INT 16h, AH = 11h - Check for Enhanced Key in Type-Ahead Buffer 


INT 16h, AH = 12h - Get Enhanced Key Status 
INT 16h, AH = FOh - Set System Speed 
INT 16h, AH = Fih - Read Current System Speed 


4.14 FIXED DISK DRIVE INTERRUPTS 


INT 16h, AH = F2h - Determine Attached Keyboard 
INT 1Bh - SW - Ctrl-BREAK Service 

INT 13h - SW - Fixed Disk Drive 1/O 

INT 13h, AH = 00h - Reset Fixed Disk Drive System 
INT 13h, AH = Oth - Sense Status of Last Operation 
INT 13h, AH = 02h - Read Sectors 

INT 13h, AH = 03h - Write Sectors 

INT 13h, AH = 04h - Verify Sectors 

INT 13h, AH = O5h - Format Track 

INT 13h, AH = 08h - Get Drive Parameters 

INT 13h, AH = O9h - Initialize Fixed Disk Drive Parameters 
INT 13h, AH = OAh - Read Long 

INT 13h, AH = OBh - Write Long 

INT 13h, AH = OCh - Seek Cylinder 

INT 13h, AH = ODh - Alternate Disk Reset 


COMPAQ DESKPRO 386/25 Personal Computer 


4-157 
4-158 


4-159 
4-160 
4-161 
4-162 
4-163 
4-164 
4-166 
4-165 
4-165 
4-167 
4-169 
4-170 
4-171 
4-172 
4-173 
4-174 
4-175 
4-176 
4-177 
4-178 
4-179 
4-180 











4.14 FIXED DISK DRIVE INTERRUPTS (Continued) 


Technical Reference Guide 


INT 13h, AH = 10h - Test DRIVE READY- 4-181 
INT 13h, AH = 11h - Recalibrate Drive 4-182 
INT 13h, AH = 14h - Controller Diagnostic 4-183 
INT 13h, AH = 15h - Get Type of Drive 4-184 
INT 41h - PTR - Fixed Disk Drive 1 Parameter Table 4-187 
INT 46h - PTR - Fixed Disk Drive 2 Parameter Table 4-188 
INT 76h - HW - IRQ14, Fixed Disk Drive Interrupt 4-191 
4.15 VIDEO INTERRUPTS 4-192 
INT 10h - SW - Video I/O 4-194 
INT 10h, AH = 00h - Set Video Mode 4-195 
INT 10h, AH = O1h - Set Cursor Type 4-196 
INT 10h, AH = 02h - Set Cursor Position 4-197 
INT 10h, AH = O3h - Read Cursor Position 4-198 
INT 10h, AH = 04h - Read Light Pen Position 4-200 
INT 10h, AH = O5h - Select Active Display Page 4-201 
INT 10h, AH = O6h - Scroll Active Page Up 4-201 
INT 10h, AH = O7h - Scroll Active Page Down 4-203 
INT 10h, AH = O8h - Read Attribute and Character at Cursor Position 4-205 
INT 10h, AH = 09h - Write Attribute and Character at Cursor Position 4-206 
INT 10h, AH = OAh - Write Character at Cursor Position 4-207 
INT 10h, AH = OBh - Set Color Palette 4-208 
INT 10h, AH = OCh - Write Pixel 4-209 
INT 10h, AH = ODh - Read Pixel 4-210 
INT 10h, AH = OEh - Write TTY 4-211 
INT 10h, AH = OFh - Read Video State 4-212 


a —————————————————————————e 


COMPAQ DESKPRO 386/25 Personal Computer 





4.15 VIDEO INTERRUPTS (Continued) 
INT 10h, AH = 13h - Write String 
INT 10h, AH = BFH - Video BIOS Extensions 
INT 10h, AH = BFh, AL = 00h - Switch to 8 x 8 Character Cell 
INT 10h, AH = BFh, AL = Oth - Switch to 9 x 14 Character Cell 
INT 10h, AH = BFh, AL = 04h - Set Mode-Switch Delay 
INT 1Dh - PTR - Video Parameter Table 
INT 1Fh - PTR - Dot Table 
4.16 MISCELLANEOUS INTERRUPTS 
INT OAh - HW - Simulated IRQ2 - CPU - Invalid TSS 
INT 71h - HW - IRQ9 
INT 72h - HW - IRQ10 
INT 73h - HW - IRQ11 
INT 74h - HW - IRQ12 
INT 77h - HW - IRQ15 
4.17 SPECIAL BIOS ROM LOCATIONS 
Product Family Code 
Point-Release Number 
ROM Revision Code 
ROM Revision Code 
BIOS Type Code 
Machine ID 
Machine Type Code 


4.18 PROGRAMMING EXAMPLES FOR PROTECTED 
MODE OPERATING SYSTEMS 


COMPAQ DESKPRO 386/25 Personal Computer 


4-213 
4-214 
4-214 
4-215 
4-216 
4-216 
4-220 
4-222 
4-223 
4-223 
4-224 
4-224 
4-225 
4-225 
4-226 
4-226 
4-226 
4-227 
4-227 
4-227 
4-227 
4-227 


4-228 


Technical Reference Guide 





4.19 WEITEK COPROCESSOR INITIALIZATION 4-238 
Initializing 4-238 
Generating Weitek Coprocessor Assembler Instructions 4-240 
Real Mode Addressing 4-240 
Protected Mode Addressing 4-241 
Exception Handling 4-242 
Real Mode Exception Handling 4-242 
Protected Mode Exception Handling 4-242 
Multi-Task Use of Weitek 1167 4-243 
saving and Restoring the Weitek Coprocessor Environment 4-243 
Multi-Task Interrupt Handling 4-244 


COMPAQ DESKPRO 386/25 Personal Computer 





Af Chapter 4 Technical Reference Guide 4-1 
SOFTWARE ASPECTS AND BIOS 


4.1 PROGRAMMING 
CONSIDERATIONS 


The 25-MHz 80386 and the COMPAQ DESKPRO 386/25 Personal Computer with the cache memory 
subsystem offer unique features that can lead to performance levels beyond those 
attainable by applications developed for the 16-bit architecture of 80286-based 
personal computers. Applications designed exclusively for the 32-bit architecture of 
the 80386 may reach a 10x performance level over an 8-MHz 80286-based system. 


Applications designed for the 80286-based personal computers execute 4 to 5 times 
faster when run on a COMPAQ DESKPRO 386/25 Personal Computer than when run on an 
8-MHz 80286 system. 


In most cases, it is desirable for the same application to execute on 80286- as well 
as 80386-based products. In these cases, the most common approach is to optimize 
portions of the application that can most benefit from the features of the 80386. 
The optimized portion of the application is loaded only when the application is 
executed on an 80386-based system. 


To achieve the best performance on 80386-based products and retain the capability to 
execute on 80286-based products, Compaq and Intel recommend using the processor 
identification routine described on the following pages. Using this routine, the 
application can identify the microprocessor type at execution time. Knowledge of the 
microprocessor type can be used to load the portions of the application that have been 
optimized for 80386-based products. It is important that the identification routine 
be used as shown, to maintain compatibility with future products in the Intel 
microprocessor family. 


MS 0S/2 does not use BIOS routines in the Protected mode. However, BIOS routines can 
be used in the MS 0S/2 Real mode. 


Processor Identification 
Routine 


The following routine relies on Intel-approved code that uses the high nibble of the 
flag word in the various processors of the Real mode. The most-significant bit (MSB) 
(bit <15>) is always 1 on the 8086 and 8088 and 0 on the 80286 and 80386. Bit <14> 
(NT flag) and bits <13..12> (IOPL bit field) are always 00 on the 80286, but can be 
set on the 80386. 
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For future compatibility of this test, it is strongly recommended that this specific 


instruction sequence be used. 


;CALLABLE FROM REAL MODE ONLY 


-ENTRY: (none) 
sEXIT: AX = processor type: 


‘USED: AX 
STACK: 6 bytes 


Cpu_type proc. near : 
pushf : 
xor ax, ax : 
push ax 
popf 
pushf 
pop ax 
and ax, OFO00h 
cmp ax, 0FOOOh 
je is_86 
mov ax, QF000h 
push ax 
popf 
pushf 
pop ax 
and ax, QFO00h : 
je is_286 ; 

is_386: 
mov ax, 0386h 
jmp short ct_exit; 

is_286: : 
mov ax ,0286h 
jmp short ct_exit; 
is_86: 
mov ax, 0086h : 
ct_exit: 
popf 
ret : 
cpu_type endp 
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The exit codes can be changed to fit a particular need. 


0086h if 8086 or 8088 
0286h if 80286 
0386h if 80386 


0000 into AX 


Try to put that in flags 


; Look at what really went 


into flags 

Mask off high flag bits 

Q: Was high nibble all 
ones? 

Y: It's an 8086 (or 
8088 } 

N: Try to set the high 
bits 


...in the flags 
Look at actual flags 


Q: Any high bits set ? 
N: It's an 80286 


- Y: It's an 80386 


It's an 80286 


It's an 8086 or 8088 


Restore original flags 
*** RETURN *** 
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Coprocessor Identification 
Routine 


The two following routines determine whether or not an 80387 coprocessor is present 
and also distinguishes between the 80387, the 80287, and the 8087 coprocessors. These 
routines rely on Intel-approved code. Use these routines exactly as listed to 
maintain compatibility with future products in the Intel family. 


These routines, which require no parameters, return (in AX) the value 0 if no 
coprocessor is present, 2 if the 8087 or 80287 coprocessor is present, and 3 if the 
80387 coprocessor is present. The routines do no attempt to distinguish between the 
8087 and the 80287 coprocessors. Should a program need to distinguish between the 
two, the processor identification routine can be used in conjunction with this 
routine. If the coprocessor routines return a value of 2 (and the CPU is an 80286 
or 80386), the coprocessor is an 80287; if the CPU is an 8086, the coprocessor is 

an 8087. 


The version 1 routine (BIOS), which is the recommended routine, invokes the standard 
BIOS function to report an equipment configuration word. Bit <l> of the equipment 
configuration word indicates the presence (or absence) of a coprocessor (in a 
standard configuration). 





The version 2 routine (HARDWARE) detects the coprocessor at a hardware level. In this 
version, specific patterns of Os and ls in selected bits are read in the status word. 
A pull-up resistor on one data line ensures that at least one non-zero bit is read in 
the coprocessor status word to detect the absence of a coprocessor. If a coprocessor 
is detected, a test that is logically the same as the version 1 routine is then run. 
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Version 1 
—J 
Intel Numeric Coprocessor Identification Routine (BIOS) 
s>NPXTYPE No parameters on entry 
If present, NPX is reset via FNINIT 
returns AX = 0 if no coprocessor is present 
, 2 if 8087 or 80287 
3 if 80387 
: Registers: AX 
: Flags: Unchanged 
287 
npxtype proc near 
pushf ‘Save original flags 
int lih BIOS - Get Equipment Word in AX 
and ax,2 ;>Is NPX-present bit set ON? 
jz npxtypex ;>AX = 0, indicating no NPX present 
a NOTE: NPX present --wait states are now safe to use 
fninit -Set NPX in known state 
fldl sLoad a one —w 
f1dz -Load a zero 
fdiv ‘Divide by zero to yield infinity result 
fld st ;Load a copy of the infinity value 
fchs -And try to negate it 
fcompp ‘Test for any difference (and remove) 
push _ bp -Save BP 
push _ bp ‘Content irrelevant, just adjusting SP 
mov bp, sp ;Set BP as base register 
fstsw word ptr [bp] ;Retrieve the resulting status word 
mov ax, [bp] -Get condition code bits into AX 
sahf -And from there to CPU flags 
pop bp -(Restore stack) 
pop bp ;(Restore BP) 
mov ax,2 ;-Presume same, AX=2 for 8087 OR 8028/7 
fninit ;Place coprocessor in known good state 
je npxtypex Earlier NPX if equal 
mov ax, 3 ‘Else it's an 80387 
fninit -Set NPX in known state 
npxtype: ;AX contains 0..3 as appropriate 
popf -Restore original flags 
ret 


npxtype endp 
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Version 2 
Intel Numeric Coprocessor Identification Routine (HARDWARE) 
>NPXTYPE No parameters; CPU in Real Mode 
If present, NPX is reset via FNINIT 
Returns AX = 0 if no processor is present 
2 if 8087 or 80287 
; 3 if 80387 
Registers: AX 
Flags: Unchanged 
.287 
nptype proc near 
pushf -Save original flags 
push bp ;Save BP 
fninit ‘Initialize NPX 
mov ax, SA5Ah ;Put non-zero value 
push ax ‘Into modifiable memory 
mov bp, sp ;Use BP for base addressing 
fnstsw word ptr [bp] ;Retrieve status 
mov ax, 0 ;Preset no-NPX-present value 
cmp byte ptr [bp],0 ;Test for all bits cleared by FNINIT 
jne npxt ypex ;AX = 0, indicating no NPX present 
fnstcw word ptr [bp] ;Get control word to confirm 
mov ax, [bp] -Properly installed NPX 
and ax,103Fh -Using selected bits 
cmp ax,3Fh ;Check for ls and Os properly read 
mov ax,0 ;AX = 0 again presuming no NPX 
jne npxt ypex ;No, no NPX installed 
ee NOTE: NPX present - wait states are now safe to use 
fldl ;Load a one 
f1dz ;Load a zero 
fdiv Divide by zero to yield infinity result 
fld st ;Load a copy of the infinity value 
fchs ;And try to negate it 
fcompp ‘Test for any difference (and remove) 
fstsw word ptr [bp] ;-Retrieve the resulting status word 
mov ax, [bp] -Get condition code bits into AX 
sahf ;And from there to CPU flags 
mov ax,2 ;Presume same, AX=2 for 8087 OR 80287 
je npxtypex ;sEarlier NPX if equal 
mov ax, 3 -Else it's an 80387 
pop bp ;Clear work value off stack 
pop bp -Restore BP 
popf ;Restore original flags 
ret 


npxtype ndp 
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Key Software Features 


The following key features of the 80386 and the COMPAQ DESKPRO 386/25 Personal 
Computer reflect the areas of greatest interest to software developers: 


1. The 80386 offers a 32-bit instruction set based on 32-bit internal registers 
and addressing modes. To take full advantage of this instruction set, operate 
the system in Protected mode using the native 32-bit code. In this mode, the code 
segment of the application can be defined to be a 32-bit code segment in which all 
instruction arguments and addressing modes are implicitly assumed to be 32-bit 
values. Use of the 32-bit instruction set can yield performance levels beyond 
those of applications developed using 16-bit instructions. 


A typical example of 32-bit register usage is a 64-bit multiply operation. 

Using two 32-bit registers per 64-bit value, the 80386 can perform the 
multiplication approximately 10 times faster than the equivalent operation on the 
80286 using values stored in memory. Another example of 80386 instruction 
optimization is the usage of the Shift-Right-Double (SHRD) instruction to perform 
bit string move operations required in BitBlt (bit block transfer) graphic 
operations. Using SHRD instead of the shift and move operations available on the 
80286 can yield BitBlt operations that are approximately 13 times faster on the 
80386. These 32-bit instructions are also available in the Real mode of the 80386. 
In Real mode, however, 32-bit instructions must be explicitly declared using a 
prefix code preceding the object code for the instruction. Adding these prefixes 
reduces the potential performance increase and code savings that would normally be 
achieved when using 32-bit instructions in Protected mode. 





2. The 80386 Protected mode offers the ability to create code and data segments with 
up to 4 gigabytes (GB) of linear address space. For large applications, this 
capability removes the 64-Kbyte segment limit imposed on applications by the 
80286. The large linear address space of the 80386 allows applications 
traditionally resident on minicomputers with large linear addresses to be 
implemented on the COMPAQ DESKPRO 386/25 Personal Computer. 


3. The integrated memory management unit of the 80386 provides memory paging 
functions. These functions can be used in the Protected and Virtual modes to 
implement demand paging functions commonly used in complex applications and 
operating systems. The demand paging functions typically result in a much more 
effective use of the amount of physical memory installed in the system. 
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4. The Virtual mode of the 80386 allows applications developed for the Real mode of 
the 80286 to be executed within the privilege levels defined by the Protected 
mode. The 80386 allows execution of Real mode applications without ever entering 
Real mode (as is done in the 80286). By not entering the Real mode, the 80386 
retains the memory protection benefits of the Protected mode. The Virtual mode 
functions, as well as the memory paging described above, are essential to the 
implementation of the COMPAQ Expanded Memory Manager (CEMM). (See the 
subsection entitled “COMPAQ Expanded Memory Manager. later in this chapter 
for more information. ) 


5. The cache memory subsystem of the COMPAQ DESKPRO 386/25 Personal Computer performs 
best for applications containing key routines that repetitively access the same 
instructions or data values such as subsequent memory operations within the same 
location page are performed with 0 wait states. 


6. In addition to the fast access rate of the disk drives (less than 25 ms for the 
110-megabyte fixed disk drive, and less than 20 ms for 300-megabyte fixed disk 
drive), the 110- and 300-megabyte drives use a 1:1 interleave factor to 
maximize performance of those applications performing multisector read or write 
operations. The 10 bit per second transfer rate of the 110- and the 300-megabyte 
ESDI drive, with read ahead buffers, offers unequaled performance in personal 
computer products. These characteristics make the COMPAQ DESKPRO 386/25 Personal 
Computer particularly suitable for high-performance file server and 
multi-user applications. 


software Compatibility 


The 80386 and COMPAQ DESKPRO 386/25 Personal Computer have been designed to provide 
maximum performance in a personal computer while retaining compatibility with software 
products developed for 80286-based systems. Software developed for one of the 
microprocessors in the Intel family normally executes without any modifications on the 
others. Following a few software development conventions and guidelines will ensure 
that a software product developed for one Intel 80xx microprocessor will work in other 
high-performance Intel 80xxx microprocessor-based systems. 
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When developing software products or development tools, following a few generally 
accepted programming guidelines ensures the upward migration to higher performance 
systems. These guidelines are as follows: 


1. Certain registers are unique or reserved to a specific microprocessor in the Intel 
family. Follow the Intel recommendations for the use of these registers and data 
structures. Typically, indiscriminate use of unique or reserved areas in the 
microprocessor will prevent compatibility with other microprocessors in the Intel 
family. For example, relying on the value pushed on the stack by the PUSH SP 
instruction on 8088- or 8086-based systems would prevent a software product from 
running on 80286-based systems. Also, using the reserved areas in the 80286 
segment descriptors would prevent a software product from executing on an 80386. 
The reserved areas on the 80286 segment descriptors are used by the 80386 for 
extended addressing and other functional enhancements. See the appropriate Intel 
documentation for additional software compatibility recommendations. 


2. Avoid any use, implicit or explicit, of the values of flags or registers that are 
declared undefined in the Intel documentation. The value contained by undefined 
flags or registers will vary from one microprocessor to another under similar 
conditions. For example, the MUL (multiply) instruction as described in the Inte} 
80386 Programmer's Reference Manual indicates that the Zero flag (ZF) is undefined 
upon completion of an unsigned multiply operation. Relying on the value of the ZF 
after a multiply operation could prevent a package from executing correctly across 
the Intel family of microprocessors. 


3. When interfacing with I/0 devices in high-performance products such as the 
COMPAQ DESKPRO 386/25 Personal Computer, be aware that the minimum time between 
consecutive I/0 accesses as specified by the I/0 device may be exceeded. This 
circumstance results from the increased execution speed of I/0 operations in 
high-performance 80286- or 80386-based products. It typically occurs when 
performing consecutive I/0 read or write operations to the same I/0 device. 


Typical I/0 devices in this category include the Intel DMA controller (8237), the 
Intel interrupt controller (8259A) and the Intel programmable interval timers 
(8254). For slower I/0 devices, such as the keyboard and diskette controllers, 
use the ready/busy protocols provided by those controllers. 
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It is important not to use NOP (No Operation instruction) for delay between 
consecutive I/O operations to a device. JMP $+2 is much more effective because it 
discards the contents of the prefetch queue. A typical JMP $+2 adds approximately 
a l- to 2-us delay. A typical NOP adds approximately a 190- to 250-ns 
(nanosecond) delay. 


. Avoid developing software that is dependent on the speed of program execution for 
timing operations. A large variation of execution speeds exists between 

8088-, 8086-, 80286- and 80386-based products. This variation is likely to prevent 
software dependent on program execution speed from functioning properly on some 
systems. The system timer (at I/0 address 40h, Timer 0) provides a clock frequency 
that is common among all industry-standard personal computer products. This timer, 
with its readable time registers and interrupt capability, should be used for 
software timing functions. Using the timer ensures that the timing source remains 
constant among all compatible personal computer products. 


The system timer is driven by a 1.19318-MHz clock and is programmed to generate 
interrupts at a frequency of 18.20678 Hz (approximately every 54.92 ms). When 
performing timing functions in the hundreds of milliseconds, the system timer 
interrupt should be used. When performing timing functions in the microsecond 
range, the values of the system timer counter registers can provide a time 
resolution of 838 ns per timer count. (Note that the system timer counter 
registers decrement by 2.) By reading the system timer counter registers, the 
elapsed number of timer counts can be calculated, thus deriving the elapsed time 
between the events. 


For example, for a delay of approximately 10 us, the system timer counter value 
can be read until 12 timer counts have elapsed (a counter value difference of 24). 
Twelve system timer counts correspond to approximately 10.05 us 

(12 counts x 0.838 us/count = 10.05 us). 


. Developers should avoid reading nonexistent memory. Due to the nature of the 
COMPAQ DESKPRO 386/25 Personal Computer Cache Architecture, developers attempting 
to determine how much memory exists should avoid reading a location and then 
writing to it. If the memory location did not exist, the first read would be 
invalid, but the spurious valué would be cached. Subsequent writes and read of 
that location would be cache hits and would appear to function correctly. Because 
no locations can be counted on to remain in the cache, unpredictable and. 
inconsistent results would occur with this method of checking for memory. 
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Developers can use one of several methods to determine how much memory exists. 
In an MS-DOS environment, the values at 0040:0013 and 0040:0014 and INT 15h, 
AH = 88h, Expansion Memory Determination, can be used. 


Developers for other environments trying to determine the existence of a certain 
memory location should WRITE to the location first, then READ it. If the read 


does not return the correct value, assume that the location was not a valid 
memory location. 


Programming Anomalies 
The following anomalies are found in the Bl step of the Intel 80386 microprocessor. 
software developed to run on the 80386 microprocessor should avoid these anomalies by 


following the guidelines suggested below. 


Table 4-1 summarizes the anomalies and the types of software they typically affect. 


Table 4-1. summary of 80386 Anomalies 


Anomaly Potentially Affects 
1. Opcode field incorrect for FSAVE and Real or Virtual mode 
FSTENV coprocessor instructions 80387 applications 
2.  FSAVE, FRESTOR, FSTENV, and FLDENV Does not affect typical 
coprocessor instructions anomalies with applications or operating systems 
paging enabled 
3. Wraparound coprocessor operands Protected mode 80387 applications 
4, IRET to TSS with limit too small Protected mode operating systems 
5. Single stepping first iteration of 80386 Debuggers 
REP MOVS instructions 
6. Task switch to Virtual mode does not Virtual mode 80386 operating 
update prefetch limit systems that enable paging 
/. Wrong register size for string 80386 Operating systems compilers 
instructions in mixed 16/32-bit and applications using 16- and 
addressing systems 32-bit mixed addressing 
8. FAR jump located near page boundary Virtual mode 80386 
in Virtual mode operating systems 
(Continued) 
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w Table 4-1. (Continued) 
Anomaly Potentially Affects 
9. Page fault error code on stack Protected mode 80386 operating 
not reliable systems that enable paging 
10. I/0 addresses above 1000h incorrect Protected mode 80386 operating 
systems that enable paging 
11. Wrong CX or ECX update by REP Real and Protected mode 
INS instructions applications and device drivers 
12. HOLD input during interlevel IRET when Protected mode 80386 operating 
paging enabled systems that enable paging 
13. Load Segment limit (LSL) instruction Protected mode operating systems 
followed by stack operation and applications 
14. PE bit visible in Virtual mode Dual-mode applications 
15. Reload the Global Descriptor Table Protected mode operating system 
Register (GDTR) 
16. Setting IOPL and NT bits in Real mode Dual-mode operating systems 
or applications 
17. Coprocessor instructions crossing Virtual mode 80287 applications 
page/segment boundaries 
18. Double page faults do not raise the 80386 Operating systems 
double-fault exception that enable 
19. LSL/LAR/VERR/VERW instructions malfunction Protected mode operating systems 
with null selector and applications 
20. VERR/VERW/LAR/LSL instructions malfunction Protected mode operating systems 
with bad sector and applications 
21. Breakpoints malfunction after reading Does not affect the breakpoint 
CR3, TR6, or TR7 instruction (opcode OCCh) or the 
single-step trap (TF, bit <8> 
in EFLAGS) 
22. Return address incorrect for segment Protected mode operating systems 
limit fault during FNINIT and applications 
23. “Not present’ LDT in VM86 task raises Virtual mode operating system 
wrong exception and applications 
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The following paragraphs describe the 80386 anomalies. 


1. 


Opcode Field Incorrect for FSAVE and FSTENV Instructions 


Problem: 


If an FSAVE or an FSTENV is executed in Real mode or in Virtual mode, the opcode 
field stored in memory is incorrect if it should have referred to a coprocessor 
instruction that transfers either 2 bytes or 10 bytes from memory to the 
coprocessor. The instruction and operand linear address fields are correctly 
stored. Observe that 80387 coprocessor error-handling routines are not affected, 
because the opcode field is correct when a coprocessor fault occurs on a COMPAQ 
DESKPRO 386/25. Also notice that the problem does not occur in Protected mode 
programs (because no opcode is saved by FSAVE or FSTENV in that case). 


Workaround: 


In Real mode or in Virtual mode, the instruction linear address field can be used 
to read the opcode from memory. Observe that the 2 bytes fetched need to be 
swapped to yield the image that FSAVE and FSTENV normally stores. The following 
is a possible fixup sequence. 


fstenv [bx] - Save environment 
mov cx, [bx+8] get linear IP<19..16> 


and cx,OFOOh ; Treat it like a selector 
mov si, [bx+6] - Get linear IP<15..0> 

mov fs,cx ; Establish addressability 
mov cx, fs: [si] ; get raw opcode value 
xchg ch,cl ; swap bytes and 

and cx, /FFh ; mask out top bits 

;Ccx now has the opcode --_ store back if needed 

mov si, [bx+8] ; Get opcode word 

and si,0OF800h - Mask out the bad 

or Si ,Cx ; Replace the good. 

mov [bx+8] , si - and store back 
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The opcode saved within the FSAVE and FSTENV operand is in the following format: 


100 98765 43 2d1é+(0 


Modified Real mode byte 


Lower three bits of ESC byte 


2. FSAVE, FRESTOR, FSTENV and FLDENV Instruction Anomalies with Paging Enabled 


Problem: 


If either of the last 2 bytes of an FSAVE or an FSTENV operand are for any reason 
not writable, or if either of the last 2 bytes of an FRESTOR or FLDENV 
instruction are for any reason not readable, the instruction is not restartable. 





Workaround: 


This does not affect typical systems with typical assignment of page access 
rights. In an obscure situation where this problem arises, a workaround is to 
avoid having the operand of these instructions span a page boundary. This can be 
accomplished by aligning these operands on any 128-byte boundary. 
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Wraparound 80287 Coprocessor Operands 
Problem: 


The wraparound problem can affect only those situations where a coprocessor 
operand straddles the limit of a segment of maximum size (that is, FFFFh for a 
16-bit segment, or FFFFFFFFh for a 32-bit segment) or one that is within 108 
bytes of maximum size, thus wrapping around to offset 0000h of the segment. 

A wraparound situation is abnormal for a compiler or programmer to create, and 
therefore does not affect a typical system. 


The 80386 architecture does not permit an operand (coprocessor operands included) 
to wrap around the end of a segment. If the user issues such an instruction in a 
Protected mode system, and the operand starts and ends in valid, present pages of 
a segment, BUT spans through an invalid or inaccessible page, the coprocessor may 
be put in an indeterminate state. In such cases, an FCLEX or FINIT instruction 
needs to be executed before any other coprocessor instruction is issued. 


Workaround: 


In Real mode, this is not a problem since protection is not enabled. In Protected 
mode, this problem is avoided simply by not creating coprocessor operands which 
wrap around the end of the segment, or by aligning the base of all segments on 
page boundaries. 
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IRET to Task State Segment (TSS) with Limit too Small 
Problem: 


If an IRET instruction performs a task switch to a TSS of proper descriptor type 
but invalid (too small) limit, a Double Fault (exception 8) will result instead 
of an Invalid TSS fault (exception 10) as should result. Furthermore, if the 
Double Fault entry in the Interrupt Descriptor Table (IDT); is a trap gate, a 
shutdown results. In a related topic, if the Invalid TSS fault entry in the IDI 
is invalid for any reason (for example, bad AR byte), then instead of a Double 
Fault (exception 8), a shutdown results. 


Workaround: 


A working system, one that creates task state segments of adequate size to hold 
the processor state (44 bytes for the TSS of a 16-bit task, 104 bytes for the 
TSS of a 32-bit task), will not encounter any problems here. A working system 
should also provide a valid gate (interrupt, trap, or task gate) in the IDT for 
INT O8h. 


Single-Stepping First Iteration of REP MOVS Instruction 
Problem: 


If a Repeated MOVS (REP MOVS) instruction is executed when single-stepping is 
enabled (TF = 1 in EFLAGS register), a single-step trap (exception 1) is taken 
every two move steps, but should occur each move step. Also, if a data 
breakpoint is hit during an odd iteration number of REP MOVS, the data breakpoint 
trap is not taken until after the next even-numbered iteration. If the REP MOVS 
instruction ends with an odd number of iterations, and single-stepping or data 
breakpoints are enabled, then a single-step trap or data breakpoint trap on the 
final iteration will properly occur after the final, odd-numbered iteration. 


Workaround: 
When using the Trap Flag or data breakpoints with a debugger utility, this 
minor variation of REP MOVS instruction must be accepted, unless an effort 


is made to have the debugger emulate the REP MOVS instruction rather than 
actually execute it. 
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6. Task Switch to Virtual Mode Doesn't Update Prefetch Limit 
Problem: 


When a task switch to Virtual mode is performed, the prefetch limit is not 
updated to become FFFFh, but instead remains at its previous value. 


Workaround: 


Use the IRET instruction to transfer to Virtual mode. Using the IRET instruction 
is the preferred method for most instances, especially when the master operating 
system dispatches a Virtual mode program, because IRET can cause the transition 
without a task switch. 


7. Wrong Register Size for String Instructions in Mixed 16-/32-Bit Addressing Systems 


Problem: 
If certain string and loop instructions are followed by instructions that either: J 


1) use a different address size (that is, if either the string 
instruction or the following instruction uses an address size prefix), 
or 
2) reference the stack (for example, PUSH/POP/CALL/RET) and the 'B’ bit 
in the SS descriptor is different from the address size used by the 
string instructions, 


then one or more of (E)CX, (E)SI, or (E)DI registers is not updated properly. 
The size of the register (16 vs. 32) is taken from the following instruction 
rather than from the string or loop instruction. This could result in updating 
only the lower 16 bits of a 32-bit register, or in updating all 32 bits of a 
register being used as 16 bits. The instructions and registers affected by this 
are listed below: 


Instruction Register(s) 





MOVS (E)DI 
REP MOVS (E)SI 
STOS (E)D1 
INS (E)DI 
REP INS (E)CX 
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Workaround: 


No workaround is necessary if al] code is 16-bit or if all code is 32-bit. 

The problem occurs only if instructions with different address sizes are mixed 
together, or if a code segment of one size is used with a stack segment of the 
other size. 


In a system that mixes address sizes, add an NOP instruction after each of the 
above instructions and ensure that the NOP has the same address size as the 
string/loop. For example, if the string/loop instruction includes an address 
prefix, place the same address prefix before the NOP; conversely, if the 
string/loop instruction does not have an address prefix, do not place a prefix 
before the NOP. 


mae mamma nnn nnn ee 


COMPAQ DESKPRO 386/25 Personal Computer 


(Tia 4-18 Software Aspects and BIOS 





8. FAR Jump Located Near Page Boundary in Virtual Mode with Paging Enabled —VJ 
Problem: 


In Virtual mode, if a direct FAR jump (opcode EAh) instruction is located at the 
end of a page (or within 16 bytes of the end) and the next page is not cached in 
the Translation Lookaside Buffer (TLB), the prefetcher limit is not set by the 
FAR jump instruction to the “end on the new code segment, but rather is left at 
the ‘end’ of the old code segment. This situation allows execution beyond the 
end of the new segment without triggering a segment limit violation, or it can 
result in a spurious general protection (GP) fault if the old and new segments 
overlap and a prefetch occurs beyond the limit of the old segment. 


Observe that the prefetch limit is checked on the linear address, not by 
comparing IP to FFFFh. 


Workaround: 


All existing 8088/8086 programs use only 16-bit addressing, and thus will not 

execute code at offsets greater than FFFFh from the code segment base. Thus the ww 
lack of detection of executing past the end of a code segment should not impact 

working 8088/8086 programs. 


A workaround to the spurious GP fault, if it occurs, is to simply execute an IRET 
back to the faulting instruction, since the IRET will correctly set the prefetch 
limit. If the fault handler has control of the single-step function, a simple 
workaround is to attempt to single-step the faulting instruction. If the 
single-step succeeded, the handler could clear the fault, turn off 
single-stepping, and execute an IRET. If a GP fault occurred attempting to 
single-step the instruction, a real’ GP fault is the cause. 


If the fault handler cannot access the single-stepping function, it still] can 
check for ‘real’ GP faults that must be emulated by the master operating system, 
such as I/0 instructions that need to be emulated, CLI/STI instructions that must 
be emulated, and so on. If none of these faults are recognized, the fault 
handler can assume this errata caused the GP fault and simply execute an IRET 
back to the instruction. 
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9. Page Fault Error Code on Stack Not Reliable 
Problem: 


When a Page Fault (exception 14) occurs, the three defined bits in the error 
code may be unreliable if a certain sequence of prefetch is happening at the 
same time. 


Workaround: 


Although the page fault error code pushed onto the page fault handler stack can 
be unreliable, as described, the page fault linear address; stored in register 
CR2 is always correct. The page fault handler should refer to the page fault 
linear address in CR2 to access the corresponding page table entry and thereby 
determine whether the page fault was due to a page not present’ condition, or to 
a usage violation. 
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10. I/0 Addresses Above 1000h Incorrect When Paging Is Enabled 


Problem: 


When Paging is enabled, accessing I/0 addresses in the range 00001000h - OQOOFFFFh 
(4K through 64K-1) or accessing coprocessor ports (I/O addresses 

800000F8h - 800000FFh) as a result of executing coprocessor opcodes, can generate 
incorrect I/O addresses if paging is enabled and the corresponding linear memory 
address is marked “present.” 


Workaround: 


Unless paging is used, this item is not a problem. If paging is used but all 1/0 
ports are below 00001000h, then I/0 is no problem. 


If paging is used and I/0 ports exist in the range 00001000h - QOOOFFFFh, then 
either have the memory pages at those linear addresses marked “not present” 

(to avoid having those pages table entries cached in the Translation Lookaside 
Buffer (TLB)), or if “present, have those pages mapped such that bits <15..12> 
of the physical address equal bits <15..12> of the linear address. Alternatively, 
re-assign any I/O ports in the range 00001000h - OOOOFFFFh to below 00001000h. 


If paging is used and the coprocessor is also used, either have the memory page 
at linear address 80000xxxh marked “not present (to avoid having that page 
table entry cached in the TLB), or when ‘present, have the page mapped such that 
bit <31> (the most-significant bit) of the physical address of that page is 1. 
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11. Wrong CX or ECX Update by REP INS Instruction 
Problem: 


The ECX register (or CX in case of 16-bit operations) is not updated properly in 
the case of a REP INS instruction (INput String instruction with any REPeat 
prefix) that is followed by an early-start instruction (for example, PUSH, POP, 
or memory reference instructions). After any REP-prefixed instruction, ECX is 
supposed to be 0 (null). But in this case of a REP INS instruction, ECX is not 
updated correctly and is FFFFFFFFh (or CX is FFFFh in case of 16-bit operations). 
It should be noted that the REP INS executes the correct number of iterations and 
EDI noted that the REP INS executes the correct number of iterations and EDI 

(or DI) is updated properly. 


Workaround: 


After a REP INS instruction, do not rely on ECX (or CX) being zero. Hence, a new 
count (if any) should be MOVed into ECX, rather than being ADDed into ECX. 
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12. HOLD Input During Interlevel IRET when Paging Is Enabled 
Problem: 


A problem can develop under specific situations that involve paging and the page 
privilege bits, the HOLD input, and RET or IRET instruction performing an 
inter-level return to level 3. 


For the problem to occur, a number of conditions must occur simultaneously: 


1) Paging must be enabled, and the page table and directory entries that 
map the stacks for the inner levels of a task must be marked for 
Supervisor access only. 


2) The software must execute an inter-level RET or IRET to a Protected 
mode program executing at privilege level 3. An inter-level IRET to 
Virtual mode will not exhibit this problem. An inter-level RET or 
IRET to level 1 or 2 will not exhibit this problem. 

3) The 80386 HOLD input is asserted during the memory read cycle which pops 
ESP (or SP) off the stack during the execution of the inter-level RET 
or IRET. 


Workaround: 


Mark the pages that map the inner-level stacks (levels 0, 1, and 2) to permit 
user read access. 


The segmentation system can be used to prevent user access to the linear 
addresses containing these stacks .13. Load Segment Limit (LSL) Instruction 
Followed by Stack Write Operation. 


Problem: 


The incorrect SP value is used for stack operations (PUSH, CALL, and so on) 
immediately following an LSL instruction. 


Workaround: 


To avoid this problem, LSL instructions should be followed immediately by a 
NOP instruction. 
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PE Bit Visible in Virtual Mode 


Problem: 


In the Virtual mode, the value of the protection enabled (PE) bit in the machine 
status word (MSW) can be read using the SMSW instruction. The PE bit is always 
read as 0 in the Real mode. Software that depends on the PE bit to determine the 
mode of operation (0 = Read mode, 1 = Protected mode) will obtain inconsistent 
information when executing in Virtual mode. In Virtual mode the PE bit is always 
1. Real mode software executing in Virtual mode would expect the PE bit to be 0. 


Workaround: 

Dual-mode should not use the PE bit to determine operating mode. 

Reload of the Global Descriptor Table Register (GDTR) 

Problem: 

Software entering the Protected mode from the Real mode should load the Global 
Descriptor Table Register (GDTR) each time it re-enters the Protected mode. 


No assumptions about the previous GDTR values should be made when entering the 
Protected mode. 


Workaround: 


Software entering the Protected mode should load the GDTR each time it enters the 
Protected mode. 
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15. Setting IOPL and NT Bits In Real Mode 
Problem: 
In the 80386 Real mode, the IOPL (I/0 Privilege Level) and NT (Nested Task) bits 
can be set and read. If the NT bit is set in Protected mode, the first IRET 
instruction executed will generate a fault when trying to return to a 
non-existent nested task. 


Workaround: 


Care should be taken to ensure that the NT bit value is 0 when entering 
Protected mode. 
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16. Coprocessor Instructions; Crossing Page/Segment Boundaries 
Problem: 


If the first byte of a coprocessor (ESC) instruction is located on the last byte 
of a page or segment and the second byte is located in a page or segment that 
would create a fault, then the processor will hang when it tries to signal the 
fault. The processor remains stopped until an interrupt, NMI, or RESET occurs. 
This anomaly applies only to coprocessor instructions in systems that use 
Virtual memory. 


Workaround: 


In Virtual memory systems, the time-slice or watchdog timer provides an easy 
workaround because a timer interrupt will always cause the processor to begin 
interrupt processing. The timer routine should test the following conditions to 
determine whether this anomaly was encountered. 


a 1) The saved CS:EIP must point within 8 bytes of the end of a page. 

2) The last byte within the page must contain an ESC opcode. 

3) All bytes between the saved CS:EIP and the ESC opcode must contain valid 
prefix opcodes (segment override 26h, 2Eh, 36h, 3Eh, 64h, 65h, address size 
override 67h, operand size override 66h). 

4) The next page is not present or is not accessible. 

If all four conditions are true, then the timer routine can assume this anomaly 

was encountered and signal a page fault, which will clear the condition. This 


workaround should be placed in the operating system so that applications programs 
are unaffected. 
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17. Double Page Faults Do Not Raise Double-Fault Exception 
Problem: 


If a second page fault occurs while the processor is attempting to enter the 
service routine for the first, the processor will invoke the Page Fault 
(exception 14) handler a second time, rather than the Double-Fault (exception 8 ) 
handler. A subsequent fault, though, will lead to shutdown. 


Workaround: 
No workaround is necessary in a working system. 

18. LSL/LAR/VERR/VERW Instructions Malfunction with Null Selector 
Problem: 


The Protected mode instructions LSL, LAR, VERR, or VERW executed with a null 
selector (that is, bits <15..2> of the selector set to zero) as the operand will 
operate on the descriptor at entry 0 of the GDT instead of unconditionally 
clearing the ZF flag. 


Workaround: 


The “null descriptor’ (that is, the descriptor at entry 0 of the GDT) should be 
initialized to all zeros. If the ‘null descriptor’ is initialized to all zeros 
(an invalid value), the access made by these instructions to the ‘null 
descriptor will fail (because these instructions operate only on valid 
descriptors). The failure will be reported with ZF cleared, which is the 
desired behavior when the operand is a null selector. Observe that many systems 
already have the “null descriptor in the GDT initialized to zeros, as is desired 
for this workaround. 
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19. VERR/VERW/LAR/LSL Instructions Malfunction with Bad Selector 
Problem: 


If the operand of a VERR, VERW, LAR, or LSL instruction is not accessible (due to 
the selector value exceeding the GDT/LDT limit or a null LDT), and no instruction 
following the VERR/VERW/LAR/LSL (in the prefetch queue) is a JMP or CALL or has a 
memory operand, then the processor wil] hang up after executing the 
VERR/VERW/LAR/LSL. The processor remains stopped until an interrupt, NMI, or 
RESET occurs. This errata applies only to the protected mode. 


Workaround: 


No workaround is necessary in systems with a timer interrupt. If the processor 
stops as a result of this errata, the timer interrupt will cause the processor to 
begin interrupt processing. Upon completion of the interrupt handler (via IRET), 
the processor will resume execution with the instruction following 
VERR/VERW/LAR/LSL. 


If a timer interrupt is not available, another workaround is to follow each 
VERR/VERW/LAR/LSL instruction with a JMP or Jcc instruction. To work correctly, 
both instructions must be aligned so that the last byte of the VERR/VEW/LAR/LSL 
instruction, and all bytes of the JMP instruction, reside in the same doubleword. 
This guarantees that the processor will have fetched the entire JMP instruction 
before executing the VERR/VERW/LAR/LSon. 
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20. Breakpoints Malfunction after Reading CR3, TR6, or TR7 


Problem: 

Breakpoints associated with the four debug registers (DRO-3) will not work 
correctly after a MOV from CR3, TR6 or TR7 is executed. The contents of DRO-3 
are unaffected; however, spurious breakpoints may result. This condition 
persists until the processor executes the next jump instruction. This errata 
does not affect the breakpoint instruction (opcode OCCh) or the single-step trap 
(TF, bit <8> in EFLAGS). 


Workaround: 


Breakpoints will work correctly if the following sequence is always used to read 
CR3, TR6, or TR/. 


1) Disable breakpoints by clearing GO-G3, LO-L3 in DR7 
2) MOV from CR3, TR6, or TR7 to the destination 
3) Jump to the next instruction 


4) Re-enable breakpoints 
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21. Return Address Incorrect for Segment Limit Fault during FINIT 
Problem: 


In protected mode, if the segment limit is set so that the last byte of an FNINIT 
opcode falls on the last byte of a segment, then the processor will indicate a 
segment limit fault (exception 13), with the return address (saved on the stack) 
pointing to the FNINIT opcode. Since the FNINIT opcode falls entirely within the 
segment, the return address should point to the next instructions. 


Workaround: 


Breakpoints will work correctly if the following sequence is always used to read 
CR3, TR6, or TR7. 


— 


) Disable breakpoints by clearing GO-G3, LO-L3 in DR7 
2) MOV from CR3, TR6, or TR7 to the destination 
3) Jump to the next instruction 


4) Re-enable breakpoints 
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22. “Not Present’ LDT in VM86 Task Raises Wrong Exception 
Problem: 


A task switch to a VM86 task that has a not present’ LDT descriptor will cause a 
Segment Not Present fault (exception 11) rather than an Invalid TSS fault 
(exception 10). 


Workaround: 


The simplest workaround is to use a NULL selector for the LDT in a VM86 task, 
Since the LDT is not used when executing in Virtual 86 mode. However, if an 
interrupt or exception occurs, the processor will switch out of Virtual 86 mode, 
into protected mode to handle the interrupt, without switching tasks. Thus, the 
operating system should be structured so that all Interrupt and Trap gates are 
active when executing a VM86 task reference segments in the GDT. 


If an LDT must be supplied for a task that executes in Virtual 86 mode, there are 
several easy workarounds. One is to ensure that LDT segments are never marked 
“not present’ in their segment descriptors. Paging is not affected by this 
errata. LDT segments can be paged out and marked ‘not present. in their page 
descriptors in systems which use paging. 


If the operating system must mark the LDT segment descriptor ‘not present , the 
“not present. (exception 11) handler must be able to handle the case of a ‘not 
present. LDT during a task switch. The “not present” exception is reported with 
the LDT selector as the error code and with the VM bit set to 1 in the EFLAGS 
image of the caller. Since a VM86 task cannot normally raise a ‘not present 
fault, the “not present’ exception handler can detect this case by checking if 
the stored VM bit is set. If so, the fault can be redirected to the TSS 

Fault handler. 
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COMPAQ DESKPRO 386/25 
System Speed Control 


The COMPAQ DESKPRO 386/25 System Speed Control has been designed to maintain 
compatibility with existing software programs that depend on the program execution 
speed for critical timing functions. Many programs that perform timing based on the 
speed of the CPU are copy protection programs included in several major application 
programs. The COMPAQ DESKPRO 386/25 Personal Computer provides a method to simulate 
the speed of program execution of other computer products. Thus, the COMPAQ 

DESKPRO 386/25 Personal Computer is able to execute these programs without any 
modifications to the program and, most importantly, without any change in the user's 
installation or operational procedures. 


Chapter 2 describes in more detail the hardware aspects of the system speed control. 


In order to reduce the system speed, an interval timer (at I/0 address 48h, Timer 2) 
is used in one-shot mode to produce a variable length signal. This signal is 
synchronized with the refresh requests to lengthen the refresh time. The length of 
the one-shot signal depends on the value used to program the interval timer counter. 
The COMPAQ DESKPRO 386/25 Personal Computer provides a BIOS function to set the 
interval timer to the appropriate values (1 to 50) for simulation of the speed of 
various computer products. In addition, the MODE command can also be used to alter 
the simulated system speed. Refer to the BIOS section in this chapter for more 
details on the INT 16h BIOS functions provided for system speed control. 





Table 4-2 shows the MODE command parameters and BIOS speed parameters for popular 
computer products. 
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Table 4-2. MODE Command Parameters ww 
BIOS 
Speed Value 
system Speed Simulated MODE Command Decimal Hex 
6-MHz 80286 MODE SPEED=COMMON 
or 
MODE SPEED=1 l Olh 
8-MHz 80286 MODE SPEED=FAST 
or 
MODE SPEED=2 2 02h 
16-MHz DESKPRO 386 MODE SPEED=21 21 15h 
20-MHz DESKPRO 386/20 MODE SPEED=38 38 26H 
25-MHz DESKPRO 386/25 MODE SPEED=HIGH 
or 
MODE SPEED=50 50 32h 


NOTES: 1. Speed parameters in the MODE command appear as decimal values. When 
using the BIOS functions, these values should be converted to their 
hexadecimal equivalents. 

2. The BIOS speed supports values ranging from 1 to 50. The function 
values in this table reflect those values used to simulate the speed of 


80286-based products. = 


On the COMPAQ DESKPRO 386/25 Personal Computer, the speed of the CPU cannot be slowed 
to 8088-speed. 


AUTO Speed 


To provide maximum compatibility with existing products in a manner transparent to the 
user, the AUTO speed is provided. In AUTO speed, the system operates at the fastest 
speed possible (the HIGH speed) and automatically switches to the simulated 8-MHz 
80286 speed (the FAST speed) when diskette access occurs. Because the relatively slow 
speed of the diskette drive system is the limiting factor on the system performance, 
reducing the system speed does not significantly affect the performance of the 
application. When the diskette operations complete, the system resumes execution at 
the HIGH speed. This feature allows the COMPAQ DESKPRO 386/25 to execute many of the 
major programs that contain copy protection timing in a manner compatible with what 
users expect on 80286-based products. 
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~ COMPAQ Expanded Memory 
Manager 


The COMPAQ Expanded Memory Manager (CEMM) illustrates how the unique features of the 
80386 can be used to enhance the functions of personal computers beyond those possible 
on 80286-based systems. CEMM uses the paging features of the 80386 in Virtual mode to 
create an emulation of the Lotus-Intel-Microsoft (LIM) expanded memory, Version 3.2, 
using the 32-bit COMPAQ DESKPRO 386/25 extended memory. That is a part of the 
standard 1 megabyte (MB) of memory supplied with the COMPAQ DESKPRO 386/25 Personal 
Computer. CEMM offers 256 Kbyte of LIM expanded memory. The amount of expansion 
memory can be increased up to the 8-megabyte limit allowed by the LIM standard by 
adding memory beyond the l-megabyte address (100000h). Using 32-bit memory for 
expansion memory yields a significant performance improvement to applications 

that support the LIM standard. (Refer to Chapter 3, ‘Memory, for specific 

CEMM configurations. ) 


CEMM is implemented as an MS-DOS device driver. The driver is loaded with the 
CONFIG.SYS initialization process during the load procedure. The CEMM command in the 
CONFIG.SYS file can specify: 





= The amount of memory to be used for LIM expansion 
= The address of the LIM page frame 


= An argument is provided to enable or disable the CEMM driver during execution of 
applications, after the device driver has been loaded and initialized 


An additional argument is provided which enables (W=0N) or disables (W=OFF) the Weitek 
coprocessor. The default setting for the W=ON|W=OFF parameter is W=OFF. 


A typical CONFIG.SYS command to load the CEMM driver appears below. 


DEVICE=CEMM.EXE 256 M14 AUTO W=OFF 
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The memory size argument (Mx) specifies the amount of expansion memory to be allocated 
for CEMM use. In this manner, memory can be partitioned so that CEMM and VDISK 
utilities can use different portions of the available extended memory. CEMM and VDISK 
allocate memory at the next available memory partition. If no extended memory has 
been allocated, CEMM and VDISK allocate memory from the 256 Kbyte of COMPAQ 

Built-in Memory available with the standard product configuration starting at address 
FAO0000h. Once this area of memory is fully allocated, extended memory is allocated 
starting at address 100000h. From the user's point of view, the memory allocation 
occurs transparently and al] extended memory is perceived as LIM expansion or 

VDISK memory. 


When the CEMM driver is loaded, a small portion of the driver resides in the 0- to 
640-Kbyte base memory. The larger portion of the driver is loaded into the 
128-Kbyte RAM area reserved for Compaq use. This area begins at address FE0000h and 
is also used for mapping the ROMs into 32-bit RAM. Many of the internal variables 
used by CEMM and VDISK are also maintained in this area. 


The address of the LIM page frame can be specified to locate the page frame at an 
available address location in the first 1 megabyte of the address space. The page 
frame is the 64-Kbyte address space through which expanded memory is accessed by 
applications. It is recommended that the Mx not be set as the CEMM program 
automatically selects an available page frame base address. If the selected page 
frame base address conflicts with any options or applications, select a value 

from Table 4-3. 








imemmmmeaeaaaadas aaa maaan tama ae mamma ee 


COMPAQ DESKPRO 386/25 Personal Computer 


Technical Reference Guide 4-35 





Argument Address (Hex) 
MQ C00 
M2 0C4000 
M3 0C8000 
MA 0CC000 
M5 0D0000 
M6 004000 
M7 008000 
M8 ODC000 
MS 0£0000 
M10 080000 
M11 084000 
M12 088000 
M13 08C000 
M14 090000 


NOTE: For arguments M10 to M14, the base memory must be 


set to 512 Kbyte or less. 
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The CEMM driver, when active, operates in the Virtual mode of the 80386. The Virtual 
mode allows the driver to have access to the 80386 memory paging functions on which 
its memory mapping operations are based. When an application is executing in the 
Virtual mode, the system overhead required to handle interrupts increases. The 
increase results from the time required for the processor to switch between the 
Protected mode and the Virtual mode. This switching causes programs executing in the 
Virtual mode to execute at a slightly slower speed (approximately 5 percent) compared 
with their execution speed in the Real mode. By disabling the CEMM driver during 
execution of applications that do not use the LIM expansion memory, the applications 
can be executed in Real mode for maximum performance. The driver can be enabled or 
disabled by using the ON and OFF arguments, respectively. When the AUTO argument is 
specified, CEMM automatically returns to Real mode when LIM expansion memory is not in 
use. When expansion memory is allocated via the CEMM driver, CEMM automatically 
returns to Virtual mode to take advantage of the 80386 paging functions. The CEMM 
driver can be enabled or disabled from the MS-DOS command line using the 

following syntax: 


CEMM [ON|OFF| AUTO] 


This feature is provided because some applications may conflict with CEMM execution. 
For example, applications that use the Protected mode of the 80386 may conflict with 
concurrent usage of the expanded memory provided by CEMM. When one of these 
applications is executed, CEMM displays a Privileged Operation Error. The user has 
the choice then of restarting the unit or continuing execution of the application by 
disabling CEMM operations. Once the application completes executing, CEMM can be 
re-enabled by entering the MS-DOS command CEMM AUTO. 


Using CEMM can improve the performance of your COMPAQ DESKPRO 386/25 Personal 
Computer. However, because CEMM runs in Virtual mode, it is not suited for 
all applications. 


Performance can be adversely affected for those applications with a high interrupt 
(either hardware or software) load. Switching from Virtual mode to Protected mode 
requires time for each interrupt. The cumulative effect for an application that 
generates many interrupts can degrade system performance. 
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Diskette access wil] be slowed when CEMM is enabled and the speed is set to AUTO 
because, during diskette access, the 80386 simulates 8 MHz. This action is necessary 
to support those applications programs that depend on timing loops for correct 
installation. However, switching from Virtual mode to Protected mode takes additional 
time. To achieve the best possible diskette performance while CEMM is enabled, add 
the MODE SPEED=HIGH command to the AUTOEXEC.BAT file unless you are installing 
copy-protected software from a diskette. 


The performance level of applications programs that directly access LIM hardware 
registers can actually degrade. CEMM emulates the results of accessing those 
registers by changing the processor's virtual page translation tables in memory. 

The emulation takes much longer than the actual execution of the instruction and, if 
repeated frequently, slows system operation. To avoid this problem, application 
program designers can use the LIM software interface. 


Bus master boards that directly access the system memory do not function properly if 
they attempt to access CEMM expanded memory. These devices drive the system memory 
with physical addresses rather than virtual addresses and cannot access the LIM page 
format because all page mapping is done internally. 


Weitek Coprocessor Support 


To enable the Weitek coprocessor, specify W=ON. When the Weitek coprocessor is not 
being used, turn off coprocessor by using the MS-DOS CEMM.COM utility (CEMM W=OFF). 
For a detailed discussion of the CEMM.COM utility, refer to the COMPAQ Supplemental 
Software Guide, Part Number 108416-002. 


If your system does not contain a Weitek coprocessor, do not specify either W=ON or 


W=OFF. If a Weitek coprocessor is not installed, both W=ON and W=OFF are invalid 
parameters that will cause an error condition to result, if incorrectly specified. 
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Disk Caching 


By reducing the number of times that a fixed disk must be accessed to retrieve data, 
the disk caching technique can improve the performance of those applications programs 
that perform sequential disk reads. 


The size of the cache (an area of RAM) is determined by the amount of memory 
specifically allocated in the CONFIG.SYS file. The size, which can range from 128 to 
2048 Kbytes, defaults to 128-Kbytes. Sizes larger than 512 Kbytes for an internal 
fixed disk drive do not improve performance significantly, while sizes smaller than 
128-Kbytes can actually degrade system performance. 


Disk caching is implemented under MS-DOS through a device driver named CACHE.EXE 
located on the USER PROGRAMS diskette. When a calling program requests a sector of 
data, the driver reads the disk cache. If the next requested sector of data is part 
of the track stored in the disk cache, the requested data is transferred immediately 
into the main memory of the calling program. The fixed disk drive is not accessed. 
Because memory transfers are much faster than fixed disk drive operations, the 
performance of many application programs improves. 


If a request is made when the disk cache is full, the sector that has been stored for 
the longest period without access is replaced by the track being requested. 

Therefore, data that is being used the most remain in the disk cache. Disk caching 
always writes data to the disk before returning to the program. When a sector of data 
to be written to the disk is already in the disk cache, disk caching updates the data 
before performing the write operation. 


Disk caching does not noticeably improve performance for application programs that 
read data randomly. When no 2 sectors of data are in the same track, the added 
overhead of moving additional data from the fixed disk drive to the disk cache then 
moving the requested data to the buffer of the application program can possibly 
degrade system performance. 


Disk caching can use base, extended memory or expanded memory. With the COMPAQ 
DESKPRO 386/25 Personal Computer, extended memory is recommended. 


COMPAQ DESKPRO 386/25 Personal Computer 


Technical Reference Guide 4-39 





Cache Memory Control 


The MODE command contains the option MEMCACHE which allows the enabling and 
disabling of the 82385 cache memory controller. The syntax for the MODE MEMCACHE 
is shown below: 


MODE MEMCACHE [ON|OFF] 


The (ON) parameter enables the cache memory controller. This parameter also functions 
as the default parameter. The (OFF) parameter disables the cache memory controller. 


For more information on the cache memory system used in the COMPAQ DESKPRO 386/25 
Personal Computer, see Chapter 2, ‘System Board,” in this guide. 


For applications other than MS-DOS or MS-0S/2, see Chapter 3, “Memory,” for 
information about the RAM Setup Register for turning the cache memory ON. 


Power-On System Initialization 


The 80386 CPU is reset when power is turned on. The system can also be restarted by 
simultaneously pressing the CTRL, ALT, and DEL keys. On reset, the system begins 
execution starting at the reset address FFFFFOh. This address corresponds to the 
entry point of the power-on system initialization code in the system ROM. 


The system initialization begins immediately on entry to the system ROM via the power- 
on reset vector at address FFFFFOh. The initialization is responsible for performing 
the power-on self-tests, initializing all the standard I/0 components in the system, 
testing RAM, and initializing the BIOS variables in RAM. The primary difference in 
the system initialization procedure between a power-on reset and a system restart 
(CTRL-ALT-DEL) is that the RAM is tested only during the power-on reset initialization 
sequence. Also, during the system restart, the currently defined system speed 

is retained. 
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The system initialization procedure begins with the initialization of all programmable 
I/O devices in the system. These include the: 


= Cache controller (Intel 82385) 

= Interrupt controllers 

= DMA controllers 

= Keyboard controller (Intel 8042) 

= Video display controller 

=» Interval timers 

= Diskette drive controller 

s Asynchronous serial port controller 
= Parallel printer adapter 


= Fixed disk drive controller 


RAM Initialization Tests 


The initialization of the memory subsystem begins with a test of the ROM and RAM areas 
to detect any malfunctioning memory devices. The ROMs are tested via a checksum 
method. The ROM test must be successful for the power-on initialization sequence to 
continue. If a ROM checksum error occurs, the power-on initialization stops and a 
system board failure is displayed. 


The RAM is tested by ensuring that the first 128 Kbytes of base memory are fully 
operational. These first 128-Kbytes are essential to the remaining power-on 
initialization sequence for use as stack and for storage of variables. The 128-Kbytes 
starting at address FE0000h must also be operational for the initialization procedure 
to proceed. This RAM area is used to map the system ROM contents to high-speed 32-bit 
RAM. Once these RAM areas have been verified to operate properly, the initialization 
procedure continues by testing the rest of the base and extended RAM in the system. 
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After all of the main memory has been tested, the 32 Kbytes of static RAM dedicated to 
the cache controller are tested. Encountering an error causes the cache controller to 
be disabled. After the static RAM has been verified, initialization continues with 
the cache controller enabled. 


In order to expedite the power-on RAM test, the memory diagnostics register on the 
system memory board is interrogated to determine the amount of 32-bit memory installed 
in the system. (Refer to Chapter 3, “Memory, for register details.) The 32-bit 
memory installed is then tested using 32-bit read/write operations, thus significantly 
reducing the time required to test RAM. If a parity error is encountered while 
testing the 32-bit RAM, the memory diagnostics register is used to determine the exact 
byte in the 32-bit double-word that caused the error. Any remaining 16-bit RAM 
installed in the system is then tested using 8-bit read/write operations. 


If a memory error is encountered, an error message is displayed: 
XXOOQ0Y ZZ - 201 - Memory Error 


Once the RAM has been tested, the contents of the system ROMs (address 0E0000h to 
OFO0000h) are copied to the RAM area starting at FEO0O00h. If present, the contents of 
the COMPAQ Video Graphics Controller Board ROM are copied to this RAM area as well. 
Execution speed of the BIOS from high-speed RAM is three to five times faster than 
from the 16-bit ROM. Note that because the contents of COMPAQ Video Graphics Color 
Board ROM are relocated from address 0C0000h to an address within the system ROM 
(OE0000h to OF0000h), the contents of the appropriate video BIOS vectors are also 
relocated. Once the ROM contents are copied, the 128-Kbytes RAM area at FE0000h is 
write-protected and mapped to the address space normally occupied by the system ROMs 
(OE0000h to OFFFFFh). The mapping and write protection are accomplished via the 
memory relocation registers on the system memory board. Once mapped, the RAM can be 
accessed either at 0E0000h to OFFFFFh or at FEO000h to FFFFFFh. 


A data structure in memory indicates how much of the COMPAQ Built-in Memory (F40000h 
to FEQ000h) is in use. This memory is allocated downward (decreasing addresses) 
starting at address FEQ000h. Applications developed specifically for the COMPAQ 
DESKPRO 386/25 Personal Computer, such as CEMM, read and modify this data structure to 
allocate and deallocate portions of the COMPAQ Built-in Memory for their use. The 
built-in memory data structure is located in write-protected memory at segment FOOOh. 
The offset is specified by the word at FO00:FFEO. 
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The format of the data structure is given in Table 4-4. Because the data structure 
resides in write-protected memory, the write-protection must be disabled when 
updating the data structure. See the section entitled ‘System Memory Board 
Registers. in Chapter 3. 


Table 4-4. COMPAQ Built-in Memory Data Structure 


Word Description 
0 FFFFhH indicates that no COMPAQ Built-in Memory is available. 
Otherwise, words 1, 2, and 3 define the amount of memory available. 
1 Total COMPAQ Built-in Memory size in 16-byte blocks 
2 Available built-in memory in 16-byte blocks 
3 Paragraph address for the last-used byte. The byte below 


(lower address) this byte is the first free byte in the 
COMPAQ Built-in Memory. 


For example, if 256 Kbyte of the COMPAQ Built-in Memory is available starting at 
FEQO000h, the data structure contains the following: 


Word Contents 
0 1010h (Typical Value} 
l 4000h 
2 4000h 
3 E0O00h 


After initializing the system on power-on reset, the system speed is set according 
to the system board switch setting. The CPU speed is set to HIGH or AUTO depending 
on the setting of the system board dual in-line package (DIP) switch 4. The COMPAQ 
DESKPRO 386/25 Personal Computer is delivered from the factory with switch 4 set to 
AUTO. AUTO is the recommended setting for maximum compatibility. On power-on 
reset, the system always beeps twice to indicate the speed has been set to one of 
the two fastest speeds possible (HIGH or AUTO). On a CTRL-ALT-DEL system restart 
initialization sequence, the system speed remains unchanged from its setting prior 
to the system restart. If the speed has been set to a value other than HIGH or 
AUTO, the system beeps only once. 


The initialization completes by performing an INT 19h to load and transfer control 
to the operating system. Control is transferred by loading the designated boot 
sector on the diskette or fixed disk. If an invalid boot sector is found, the user 
is prompted to retry the operation with another operating system disk. 
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BIOS INTRODUCTION 


The BIOS (basic input output system) and the programs on the COMPAQ DESKPRO 386/25 
Personal Computer USER PROGRAMS diskette reflect the same design criteria as those 
for the system board. The criteria are: 


= Compatibility with existing 80286 software 


= Improved performance using the 32-bit architecture 


The COMPAQ DESKPRO 386/25 Personal Computer BIOS provides BIOS functions compatible 
with 80286-based products. In addition, a number of functions specific to the 
COMPAQ DESKPRO 386/25 Personal Computer have been included to take advantage of the 
increased performance and function of the 80386 and the COMPAQ DESKPRO 386/25 
Personal Computer hardware architecture. These functions include those for system 
Speed control and handling the COMPAQ Enhanced Keyboard. 


Protected-to-Real Mode 
Reset 


The COMPAQ DESKPRO 386/25 Personal Computer supports the Protected-to-Real-mode 
reset to ensure compatibility with applications developed for 80286-based products. 
Both the 80286 and the 80386 allow code to enter the Protected mode by setting the 
PE bit. On the 80386, however, returning to the Real mode does not require 
resetting the processor; resetting the PE bit returns the processor to Real mode. 
The intricacies of setting and resetting the PE bit are described fully in the 
Intel documentation. 


The BIOS senses a power-on condition when the System Flag (bit <2>) in the 8042 
keyboard controller s status port is 0. (Refer to Chapter 2, System Board, for 
more information on the keyboard controller.) Subsequent power-on functions 
performed by the BIOS consist of device initialization, diagnostic tests, 
configuration sensing and verification, and bootstrapping from either the diskette 
or fixed disk. 
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Reset Codes 


Because the processor can be reset for a variety of software-related reasons, a 
byte in the Configuration Memory (OFh) is used to store a “Reset Code." This code 
is loaded immediately before requesting the 8042 to issue a System Reset and is 
examined afterward to tell the BIOS what operation was in effect before the reset. 
Additionally, when a vector is needed for a return address or pointer to a saved 
environment, the Reset vector at address 0040:0067 is used. 


Several reset codes have been reserved for use when system software needs to switch 
from Protected mode to Real mode. 


Table 4-5 lists the reset codes. 


Table 4-5. Reset Codes 


Code Function Action Reset Vector (0040:0067) 

OOh Normal reset Not used. A complete system reset occurs. 

04n Reset with Not used. A boot operation occurs via INT 19h. 
Boot Request 

05h Return with Interrupt Return address (CS:IP). Both interrupt controllers 
Controller are initialized. The return address is loaded 
Initialization from 0040:0067. 

09h Return from Pointer to stack frame (SS:SP) (used internally by 
Block Move BIOS INT 15h, AH = 87h). Block Move operation 


resumes. Location 0040.0067 is used to load the 
SS:SP of the Block Move function. 


OAh Return without Return address (CS:IP). The return address is loaded 
Interrupt Controller from 0040:0067. No interrupt controller 
Initialization initialization takes place. 


Other reset codes are reserved by the BIOS and should not be used. On return to 
the destination environment, the SS and SP registers point to an area in BIOS RAM 
for all reset codes except for 09h (Block Move). Block Move uses the reset vector 
at 0040:0067 as a save area for SS:SP, a stack-frame pointer. The stack frame 
stores the 80386 registers in the following order, beginning at offset +00h (top of 
stack): DS, ES, DI, SI, BP, SP, BX, DX, CX, AX, IP, CS, and flags. 
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4.3 FUNDAMENTALS OF 
INTERRUPT 
CALLS 


The 80386 INT assembly language instruction is used to access BIOS functions. 
This is a software interrupt,” or "service call,” to request that a certain 
function be performed. For example, when the 80386 encounters the INT 10h 
instruction, it invokes the program or routine in the BIOS memory that controls 
the video functions. 


Before using the INT instruction, the 80386 registers must be set up with the 
values appropriate to the function desired. The formats for the 80386 register 
values are described with each function. Likewise, the 80386 register values after 
the function call (INT) depend on the function. Interface routines to higher level 
language programs that use BIOS calls must ensure that the register values are 
returned to the pre-BI0S call state to prevent major software problems. 


When the 80386 is operating in the Real mode, the system stores a software 
interrupt vector table in RAM, starting at address 0000:0000 (segment:offset) . 

A vector is a pointer to an interrupt service routine entry point. Each interrupt 
vector uses 2 words (4 bytes), one for the segment offset and one for the segment 
address of the interrupt routine. For example, when INT 10h is called, the 80386 
looks to memory locations 40h..43h for the address of the video interrupt service 
routine; locations 40h..43h contain a vector to that service routine. 


When the 80386 is operating in the Protected mode, the vector table can begin 
anywhere in physical memory, as defined by the interrupt descriptor table (IDT) 
base register in the 80386. 


Interrupts caused by hardware devices also have service routines in memory. The 
vectors for these interrupts are included in the interrupt vector table. Some 
interrupt calls have more than one function available, requiring some method of 
specifying which subfunction is desired. The AH register is loaded with the number 
of the desired subfunction before the interrupt instruction is called. 


In some cases, more than one parameter must be loaded into the 80386 registers 
before the interrupt instruction is called. Software developers should ensure that 
all registers are properly set before using a software interrupt instruction. 
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4.4 BIOS INTERRUPTS 
SUMMARY 


This section summarizes the interrupt (INT) calls used for each system function and 
the memory locations used by the BIOS for those functions. 


The interrupts are grouped by function and presented in the following order: 
= Processor 

= Cache Memory 

= Coprocessor 


= Tick Counter/Real-Time Clock 


=» System 
= Diskette 
= Printer 


= Asynchronous Communications 
= Keyboard 

= Fixed Disk 

s Video 


= Miscellaneous 


Interrupts within each functional group are further categorized as software (SW), 
CPU, hardware (HW), or pointer (PTR). 
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Software interrupts (SW) are explicitly issued by applications programs or system 
software. Interrupt service routines are provided by the BIOS ROM or other 
user-supplied system software. Interrupts form a standardized interface between 
applications programs, system software, and BIOS firmware. 


CPU interrupts are initiated by the 80386 as a result of a processing exception. 
For example, executing an invalid opcode causes an INT O6h. 


Hardware (HW) interrupts are initiated by device signals on the 80386 Non-Maskable 
Interrupt (NMI) or Interrupt (INTR) pins. Signals on the INTR pin are arbitrated 
by the interrupt controllers. An interrupt-acknowledge cycle by the 80386 requests 
the active interrupt controller to place the actual interrupt number on the bus. 


Pointer (PTR) interrupts are not used to transfer program control, but are 4-byte 
pointers in low memory, named for the interrupt-vector location they occupy. These 
pointers typically point to tables, such as the fixed disk parameter table and 
video character dot-pattern tables. 


Table 4-6 summarizes the BIOS interrupts. 


Table 4-6. BIOS Interrupts Summary 


INT Type Address Bytes Function 

00h CPU 0000:0000 4 Zero Divide 

Olh CPU 0000:0004 4 Debug Exceptions 

02h HW 0000:0008 4 Non-Maskable Interrupt 
O3h CPU 0000: 000C 4 Software Breakpoint 
04h CPU 0000:0010 4 Arithmetic Overflow 
05h SW 0000:0014 4 Print Screen 

05h CPU 0000:0014 4 Bound Exceeded 

O6h CPU 0000:0018 4 Invalid Opcode 

07h CPU 0000:001C 4 80387 Not Available 
O8h CPU 0000:0020 4 Double-Fault Error 

O8h HW 0000:0020 4 IRQO, Tick Counter 

OSh HW 0000:0024 4 IRQ1, Keyboard Interrupt 
OAh CPU 0000:0028 4 Invalid TSS 

OAh HW 0000:0028 4 Simulated IRQ2 

OBh CPU 0000: 002C 4 segment Not Present 


(Continued) 
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Table 4-6. (Continued) 


INT Type Address Bytes Function 

OBh HW 0000:002C 4 IRQ3, Comm, Secondary 

OCh CPU 0000: 0030 4 Stack Segment Overflow 
OCh HW 0000: 0030 4 IRQ4, Comn, Primary 

ODh CPU 0000:0034 4 General Protection 

ODh HW 0000:0034 4 IRQ5, Printer Supply 

OEh HW 0000:0038 4 IRQ6, Diskette Interrupt 
OEh CPU 0000:0038 4 Page Fault 

OFh HW 0000: 003C 4 IRQ7, Printer Primary 

10h SW 0000:0040 4 Video I/0 

11h SW 0000:0044 4 Configuration 

12h SW 0000:0048 4 Base Memory Size 

13h SW 0000:004C 4 Diskette Drive I/0 

13h SW 0000: 004C 4 Fixed Disk Drive I/0 

14h SW 0000:0050 4 Communications I/0 

15h SW 0000:0054 4 BIOS Extension 

16h SW 0000:0058 4 Keyboard 1/0 

17h SW 0000:005C 4 Printer I/0 

18h SW 0000:0060 4 Boot Fail 

19h SW 0000: 0064 4 Bootstrap 

1Ah SW 0000: 0068 4 Tick Counter/RTC 

1Bh SW 0000: 006C 4 Control-Break Service 

1Ch SW 0000:0070 4 Tick Counter Service 

1Dh PTR 0000:0074 4 Video Controller Board Parameters 
1Eh PTR 0000:0078 4 Diskette Parameter Table 
1Fh PTR 0000:007C 4 Ext Graphics Char Set 

40h SW 0000:0100 4 Diskette Drive I/0 

4ih PTR 0000:0104 4 Fixed Disk Drive 1 Parameters 
46h PTR 0000:0118 4 Fixed Disk Drive 2 Parameters 
4Ah SW 0000:0128 4 RTC Alarm Service 

70h HW 0000:01C0 4 IRQ8, RIC Interrupt 

71h HW 0000:01C4 4 IRQQ (Redirected to IRQ2) 
72h HW 0000:01C8 4 TRQ10 

73h HW 0000:01CC 4 IRQ11 

74h HW 0000:01D0 4 IRQ12 

75h HW 0000:0104 4 IRQ13, Coprocessor Error 
76h HW 0000:01D8 4 IRQ14, Fixed Disk Drive 
77h HW 0000:010DC 4 IRQ15 
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In addition to using a section of RAM for the interrupt vector table (listed in 
Table 4-6), the system BIOS uses another section for status information and buffers 
for data transfers. Table 4-7 lists these locations. 


Table 4-7. RAM Locations Used by the BIOS 
Address Bytes Function 














0040:0000 2 Base Address of Comm Port 0 (COM1) 

0040:0002 2 Base Address of Comm Port 1 (COM2) 

0040:0004 2 Base Address of Comm Port 2 

0040:0006 2 Base Address of Comm Port 3 

0040:0008 2 Base Address of Printer Port 0 (LPT1) 

0040: 000A 2 Base Address of Printer Port 1 (LPT2) 

0040:000C 2 Base Address of Printer Port 2 (LPT3) 

0040: 000E 2 Base Address of Printer Port 3 

0040:0010 2 system Configuration 

0040:0012 l Used by Power-On Diagnostics 

0040:0013 2 Base Memory Size (in Kbytes} 

0040:0015 l Previous Scan Code 

0040:0016 1 Keyclick Loudness 

0040:0017 2 Keyboard Bit Status 

0040:0019 l Accumulator for Alt Key Input 

0040:001A 2 Keyboard Buffer Pointer - Head 

0040: 001C 2 Keyboard Buffer Pointer - Tail 

0040:001E 32 Keyboard Type-Ahead Buffer (16 Entries) 

0040:003E l Diskette Drive Status 

0040: 003F ] Motor Status 

0040:0040 l Motor Off Timeout Counter 

0040:0041 l Diskette Last Operation Status 

0040:0042 ] Diskette Drive Controller Status 

0040:0049 l Video Mode 

0040:004A 2 Number of Columns on Screen 

0040:004C 2 Length of Screen Memory Bytes 

0040:004E 2 Starting Address for Screen Memory 

0040:0050 16 Cursor Save Area for Each Page (8 Entries) 

0040:0060 2 Cursor Mode (Start And End Scan Line) 
(Continued) 
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Table 4-7. (Continued) 


Address Bytes Function 

0040:0062 l Current Page 

0040:0063 2 Base Address of Active Video Adapter Board 

0040:0065 1 Current Mode 

0040: 0066 l Current Color 

0040: 0067 4 Reset Vector 

0040:006B l Interrupt Occurred Flag 

0040: 006C 4 Timer Ticks Since Midnight 

0040:0070 l Timer Rolled Over Flag 

0040:0071 1 Break Bit 

0040:0072 2 Reset Word 

0040:0074 1 Fixed Disk Drive Status of Last Operation 

0040:0075 1 Number of Fixed Disk Drives 

0040:0076 l Fixed Disk Drive Control Byte 

0040:0077 l Reserved 

0040:0078 l Timeout for Printer Port 0 (LPT1) 

0040:0079 l Timeout for Printer Port 1 (LPT2) 

0040:007A 1 Timeout for Printer Port 2 (LPT3) 

0040:007B l Timeout for Printer Port 3 

0040:007C l Timeout for Comm Port 0 (COM1) 

0040:0070D l Timeout for Comm Port 1 (COM2) 

0040:007E l Timeout for Comm Port 2 

0040:007F 1 Timeout for Comm Port 3 

0040: 0080 2 Keyboard Buffer Begin 

0040: 0082 2 Keyboard Buffer End 

0040:0084 ] Reserved 

0040: 0088 l Last Data Rate Selected 

0040: 008C l Fixed Disk Drive Status Registered, 
Last Operation 

0040: 008D 1 Fixed Disk Drive Error Registered, 
Last Operation 

0040: 008E l Interrupt Occurred Flag. 

0040: 008F l Fixed Disk Drive Controller Board Installed 


(Continued) 
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w Table 4-7. (Continued) 
Address Bytes Function 
0040:0090 Drive A Media State 


0040:0091 l Drive B Media State 

0040:0092 l Drive A Operation Start State 
0040:0093 ] Drive B Operation Start State 
0040:0094 l Drive A Current Track 


0040:0095 l Drive B Current Track 
0040:0096 l Enhanced Keyboard Shift Status 
0040:0097 l Keyboard LED Flags 

0040:0098 4 Pointer to Caller's Wait Flag 
0040:009C 4 Wait Count (32-Bit) 

0040: 00A0 l Wait Active Flag 

0040:00A1 95 Reserved 

0040:0100 l Print Screen Status 
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4.5 PROCESSOR 
INTERRUPTS 


The 80386 processor has several predefined interrupts used for notifying system 


or applications software of execution exceptions. 
processing, debug, and arithmetic interrupts: 


= Processing interrupts are: 
- INT 05h (Bound Exceeded) 
- INT 06h (Invalid Opcode) 
- INT 08h (Double-Fault) 
- INT OAh (Invalid TSS) 
- INT OBh (Segment Not Present) 
- INT OCh (Stack Segment Overrun) 
- INT ODh (General Protection) 
- INT OEh (Page Fault) 


= Debug interrupts are: 
- INT 01h (Debug Exceptions) 
- INT 03h (Software Breakpoint) 


= Arithmetic interrupts are: 
- INT 00h (Divide by Zero) 
- INT 04h (Arithmetic Overflow) 


These are categorized as 


Refer to the Intel iAPX 386 Programmer's Reference Manual for a detailed 


explanation of each interrupt. 


Table 4-8 lists the BIOS processor interrupts. 
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Table 4-8. BIOS Processor Interrupts 








INT Type Function 

00h CPU Divide by Zero 

Olh CPU Debug Exception 

03h CPU software Breakpoint 
04h CPU Arithmetic Overflow 
05h CPU Bound Exceeded 

O6h CPU Invalid Opcode 

O8h CPU Double-Fault Error 
OAh CPU Invalid TSS 

OBh CPU Segment Not Present 
OCh CPU Stack Segment Overflow 
ODh CPU General Protection 
OEh CPU Page Fault 


When the system encounters one of these processor interrupts, it jumps to the 
address pointed to by the vector for that interrupt. 


Table 4-9 lists the memory locations where these vectors reside. 


Table 4-9. Memory Locations Used by Processor Interrupts 


Memory Location Bytes INT Function 

0000:0000 4 00h Divide by zero 
0000:0004 4 Olh Debug Exception 
0000:000C 4 03h software Breakpoint 
0000:0010 4 04h Arithmetic Overflow 
0000:0014 4 05h Bound Exceeded 
0000:0018 4 O6h Invalid Opcode 
0000:0020 4 O8h Double-Fault 
0000:0028 4 OAh Invalid TSS 
0000:002C 4 OBh Segment Not Present 
0000: 0030 4 OCh Stack Segment Overflow 
0000:0034 4 ODh General Protection 
0000: 0038 4 OEh Page Fault 
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INT 00h - CPU - Divide By Zero 


Interrupt INT 00h is initiated when a Divide by Zero or Divide Overflow takes place 
in the 80386. 


INT 00h is not processed by the BIOS other than to return control to the 
calling program. 


ROM ENTRY: Points to an interrupt return 
ROM ACTION: None 

INPUT: None 

OUTPUT: None 


USE: It is the responsibility of the operating system or the application program to 
set up this vector for useful action. 


INT Oth - CPU - Debug Exceptions 


INT 01h is initiated when an instruction is executed with the trace flag (TF) set 
or a DEBUG register (DRO...DR7) breakpoint condition is met. 


This interrupt provides a debugging program with the ability to execute 
instructions individually within a program. 


INT Olh is not processed by the BIOS other than to return control to the 
calling program. 


ROM ENTRY: Points to an interrupt return 
ROM ACTION: None 

INPUT: None 

OUTPUT: None 


USE: It is the responsibility of the operating system or the application program to 
set up this vector for useful action. 
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INT 03h - CPU - Software Breakpoint 


INT 03h is initiated by execution of either the single-byte or double-byte INT 03h 
instruction (opcode CCh or CDh, 03h). 


This interrupt provides a debugging program with a means of suspending program 
execution so that system control can return to the debug program. 


INT 03h is not processed by the BIOS other than to return control to the 
calling program. 


ROM ENTRY: Points to an interrupt return 
ROM ACTION: None 

INPUT: None 

OUTPUT: None 


USE: It is the responsibility of the operating system or the application program to 
set up this vector for useful action. 


INT 04h - CPU - Arithmetic Overflow 


INT 04h is initiated by execution of an INTO (interrupt or overflow) instruction 
when the Overflow Flag (OF) is set. INT 04h is not processed by the BIOS other 
than to return control to the calling program. 

ROM ENTRY: Points to an interrupt return 

ROM ACTION: None 

INPUT: None 

OUTPUT: None 


USE: It is the responsibility of the operating system or the application program to 
set up the vector to process this interrupt. 
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INT 05h - CPU - Bound Exceeded 
- SW - Print Screen 


INT 05h is initiated either by explicitly executing an INT 05h instruction (for 
Print Screen), or by exceeding the limits specified in the BOUND instruction. 
Bound Exceeded is not supported by BIOS. 

ROM ENTRY: Points to the Print Screen handler 


ROM ACTION: See description of Print Screen in the section entitled ‘Printer 
Interrupts. later in this chapter. 


INPUT: None 

OUTPUT: None 

USE: A replacement INT 05h handler can determine the source of the interrupt by 
examining the two bytes previous to the instruction pointed to by the return 
address on the stack. If the bytes are CDh, 05h, then the source of the 


interrupt is an INT 05h. It is the responsibility of the operating system or 
the applications program to set up the vector to process this interrupt. 


INT 06h - CPU - Invalid Opcode 


INT 06h is initiated by the 80386 when an illegal instruction is executed. 


INT 06h is not processed by the BIOS other than to return control to the 
calling program. 


ROM ENTRY: Points to an interrupt return 
ROM ACTION: None 


USE: It is the responsibility of the operating system or the application program to 
set up this vector for useful action. 
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_—= INT 08h - CPU - Double-Fault Error 
- HW - IRQO, Tick Counter 


INT 08h normally handles the Tick Counter hardware interrupts from IRQOQ. However, 
if operating in the Protected mode, INT 08h is issued by the 80386 when a 
Double-Fault Error is detected (processor cannot continue). 

Operating system software running in the Protected mode can readily relocate 
hardware interrupts IRQO to IRQ7 to another block of eight interrupt vectors to 
avoid conflict with the CPU interrupt. (See INT 15h, AH = 89h.) 

ROM ENTRY: Points to the Tick Counter/Real-Time Clock (RTC) handler 

ROM ACTION: See description of RIC in Section 4.8. 


USE: See description of system timer in Section 4.8. 


INT OAh - CPU - Invalid TSS 
- HW - Simulated IRQ2 





INT OAh is normally issued by the BIOS in response to processing an INT 7/Ih. 
However, if the system is operating in the Protected mode, INT OAh is issued by 
the 80386 when an invalid Task-State Segment (TSS) is encountered. 


INT OAh is not processed by the BIOS other than to return control to the 
calling program. 


Operating system software running in the Protected mode can readily relocate 
hardware interrupts IRQO through IRQ7 to another block of eight interrupt vectors 
to avoid conflict with the CPU interrupt. (See INT 15h, AH = 89h.) 

ROM ENTRY: Points to an interrupt return 

ROM ACTION: None 


USE: It is the responsibility of the operating system or the application program to 
set up this vector for useful action. 
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INT OBh - CPU - Segment Not Present 
- HW - IRQ3, Comm, Secondary 


In the Protected mode, the 80386 issues INT OBh when it detects a reference to a 
segment not currently mapped by its memory-management hardware. Otherwise, the 
default initialization of the interrupt controllers directs interrupts from IRQ3 to 
INT OBh. 


INT OBh is not processed by the BIOS other than to return control to the 
calling program. 


Operating system software running in the Protected mode can readily relocate 
hardware interrupts IRQO through IRQ7 to another block of eight interrupt vectors 
to avoid conflict with the CPU interrupt. (See INT 15h, AH = 89h.) 

ROM ENTRY: Points to an interrupt return 

ROM ACTION: None 


USE: It is the responsibility of the operating system or the application program to 
set up this vector for useful action. 
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INT OCh - CPU - Stack Segment Overflow 
- HW - IRQ4, Comm, Primary 


In the Protected mode, the 80386 issues INT OCh when it detects a push onto a stack 
that exceeds the space as allocated by memory-management hardware. Otherwise, the 
default initialization of the interrupt controllers directs interrupts from IRQ4 to 
INT OCh. 


INT OCh is not processed by the BIOS other than to return control to the 
calling program. 


Operating system software running in the Protected mode can readily relocate 
hardware interrupts IRQO through IRQ7 to another block of eight interrupt vectors 
to avoid conflict with the CPU interrupt. (See INT 15h, AH = 89h.) 

ROM ENTRY: Points to an interrupt return 

ROM ACTION: None 


USE: It is the responsibility of the operating system or the application program to 
set up this vector for useful action. 
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INT ODh - CPU - General Protection 
- HW - IRQ5, Not Used 





INT ODh normally handles the interrupts from IRQ5, which is not used. However, if 
the processor is operating in the Protected mode, INT 0Dh is also issued by the 
80386 when a General Protection exception is detected. 


INT ODh is not processed by the BIOS other than to return control to the 
calling program. 


Operating system software running in the Protected mode can readily relocate 
hardware interrupts IRQO through IRQ7 to another block of eight interrupt vectors 
to avoid conflict with the CPU interrupt. (See INT 15h, AH = 89h.) 


ROM ENTRY: Points to an interrupt return 
ROM ACTION: None 


USE: It is the responsibility of the operating system or the application program to 
set up this vector for useful action. 





INT OEh - CPU - Page Fault 

- HW - IRQ6, Diskette Interrupt 
INT OEh normally handles diskette interrupts. However, if the processor is 
operating in the Protected or Virtual 8086 mode, INT OEh is issued when a page 


fault occurs. 


Operating system software running in the Protected mode can readily relocate 
hardware interrupts IRQO through IRQ7 to another block of eight interrupt vectors 
to avoid conflict with CPU-type INT OEh. (See INT 15h, AH = 89h.) 

ROM ENTRY: Points to ROM diskette drive interrupt handler 

ROM ACTION: See description of diskette drive interrupts. 


USE: The vector for this interrupt may be changed to intercept diskette drive I/0 
operations for special real-time operating system requirements. 
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CACHE MEMORY 
INTERRUPTS 


The cache memory subsystem uses the interrupt routine INT 16h. It is used 
to return the status of the cache controller and to enable or disable the 
cache controller. 


INT 16h, AH = F4h - SW - Cache Controller Status 


INT 16h, AH = F4h interacts with the cache controller system. There are three 
subfunctions associated with the cache controller. 


OOh - Return Cache Controller Status 
Olh - Enable Cache Controller 
02h - Disable Cache Controller 


INT 16h, AH = F4h, AL = 00h - Return Cache Controller Status 






AH 
BX 
CX 
DX 


AL 






SILLLLTTTTTT LTT TTT TATTLE. 
LLLLTTTTLTTTTA TLL TT AAT TTT. 
SLLLTLLLTTTTTATT TTT TATA TT TTL 


OUTPUT: AH = E2h 
AL = Cache Controller Status 


OOh = Cache Controller Not Present 
Olh = Cache Controller Enabled 
O2h = Cache Controller Disabled 


Other registers are preserved. 


AH| = E2h_~—s«_~—sCTTLR STATUS 
BXV/LLLSLTLTLLTLT LTT LTT LTT TTT 
CXYLSILLLLTLTLTLLLLTLTT TTL LTT TTT TT 
DXISSSTLSLILLTTLLTTT TTT TTT TTT TTT 







AL 
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INT 16h, AH = F4h, AL = Oth - Enable Cache Controller 


INPUT: AH = F4h 
AL = Olh 








F4h Olh AL 
STTTTTTTTTT TTT TATA TTT TAT 
LITTTLTLLTTTTTT TATA TATA TT 


SILTTLTTT TATA TTT ATTA TTA 


AH 
BX 
CX 
DX 






OUTPUT: AH = E2h 
AL = Qlh 


Other registers are preserved. 


01h 


PTTTTLTLTTTTTTA TAA TTT TTA AAA TT 
FITTTTTTTT ALLL LTT TATA AAA 
FTTTTTTTTTLL TLL 





AH AL 
BX 
CX 


DX 






INT 16h, AH = F4h, AL = 02h - Disable Cache Controller 


INPUT: AH = F4h 





AL = 02h 
AH 02h AL 
34 







CX 
DX 


SETTTTTTLTLTT TTA T LATTA 
STTTTTTTT TTT TTL 





E2h 
02h 


OUTPUT: AH 
AL 





E2h 02h AL 
PTTTTTTTLTTT TLL LLL TATA TT 
FTTTTTTTLLTLT LLL LLL LAAT ATT 


FLLTTLTTTTT TTT ATT TAT AAA ATT 


AH 
BX 
CX 
DX 
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= 4.7 COPROCESSOR 
INTERRUPTS 


The BIOS provides support for two optional coprocessors, the Inte] 80387 and the 
Weitek coprocessor. BIOS interrupt information for the Intel 80387 is discussed 
first, followed by the Weitek coprocessor. 


The COMPAQ DESKPRO 386/25 Personal Computer system board DIP switch (SW1) positions 
indicate coprocessor information. Position 2 indicates whether or not an 80387 
coprocessor is installed on the system board. 


Table 4-10 shows the proper settings of SW1l for the coprocessor. 


Table 4-10. Coprocessor Switch Settings 


Condition 2 


No 80387 Coprocessor OFF 
80387 Coprocessor installed ON 


If the position 2 setting and BIOS installation check for the presence of a 
coprocessor do not correspond, a coprocessor installation error message is 
displayed. The coprocessor-installed bit of the equipment configuration word is 
set if a coprocessor is detected regardless of the position 2 setting. 


Intel 80387 
Coprocessor Interrupts 


The BIOS provides two basic areas of support for the optional 
Intel 80387 coprocessor: 


1. BIOS checks for the presence of the coprocessor during the system 
initialization process. If a coprocessor is present and the DIP switch 
position is properly set, appropriate bits in the equipment configuration 
word are set. The BIOS checks to ensure that the coprocessor switch position 
is set correctly. 
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2. The BIOS transfers INT 75h (IRQ13, Coprocessor Error) to INT 02h for 
compatibility with software written for 8088/8086-based products. 


After initialization, coprocessor interrupts INT 07h (Coprocessor Not Present), 
INT 09h (Coprocessor Segment Overrun) and INT 02h (NMI) are normally supported by 
operating system software and are not handled by the BIOS. 


Table 4-11 lists the BIOS 80387 coprocessor interrupts. 


Table 4-11. 80387 Coprocessor Interrupts 

INT Type Function 

O7h CPU Coprocessor Not Present 

OSh CPU Coprocessor Segment Overrun 

75h HW IRQ13, Coprocessor Error (Redirected to INT 02h) 


When an application needs to know whether a coprocessor is present (assuming that 
the equipment configuration word indicates that a coprocessor is installed), the ET 
(extension type) bit <4> of control register zero (CRO) is set by the 80386 to 1 
for the 80387. 


When the system encounters one of the BIOS coprocessor interrupts, it jumps to the 
address pointed to by the vector for that interrupt. 


Table 4-12 lists the memory locations where these vectors reside. 


Table 4-12. Memory Locations Used by 8038/7 Coprocessor Interrupts 


Memory Location Bytes Function 

0000:001C 4 INT O7h Vector 
0000:0024 4 INT O9h Vector 
0000:01D4 4 INT 75h Vector 
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INT 07h - CPU - Coprocessor Not Present 
INT O7h is initiated by the 80386 when the execution of a coprocessor 


instruction is attempted with the EM bit of the machine status word set 
(coprocessor not installed). 


INT 07h is not processed by the BIOS other than to return control to the 
calling program. 


ROM ENTRY: Points to an interrupt return 
ROM ACTION: None 


USE: It is the responsibility of the operating system or application program to 
set up this vector for useful action. 


INT 09h - CPU - Coprocessor Segment Overrun - HW - IRQ1, Keyboard 


INT 09h normally handles the keyboard hardware interrupts from IRQ1. However, when 
the 80386 is operating in the Protected mode, INT 09h is issued by the 80386 when a 
Coprocessor Segment Overrun exception is detected. 


Operating system software running in the Protected mode can readily relocate 
hardware interrupts IRQO through IRQ7 to another block of eight interrupt vectors 
to avoid conflict with the CPU interrupt. (See INT 15h, AH = 89h.) 

ROM ENTRY: Points to keyboard interrupt handler 


ROM ACTION: See Chapter 5, “Keyboard, for a complete description of the keyboard 
hardware interrupt. 
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INT 75h - HW - IRQ13, Coprocessor Error — 


INT 75h occurs when an unmasked error condition exists on the 8038/7 numeric 
coprocessor. This error can be caused by arithmetic overflow or underflow, 
division by zero, and loading invalid numbers. 


ROM ENTRY: Points to Coprocessor Error handler 


ROM ACTION: BIOS performs an EOI (End of Interrupt) sequence on Interrupt 
Controller 1 (master) and Controller 2 (slave), outputs a 00h to port 
FOh to clear the coprocessor BUSY- signal, and then invokes the INT 02h 
(Non-Maskable Interrupt) handler, to provide compatibility with 
8088/8086-processor-based software. 


Weitek Coprocessor 
Interrupts 


The BIOS provides two basic areas of support for the optional coprocessor: 


1. BIOS checks for the presence of the coprocessor during the system 
initialization process. If a coprocessor is present, appropriate bits in the 
equipment configuration word are set. 


2. The BIOS transfers INT 75h (IRQ13, Coprocessor Error) to INT 02h for 
compatibility with software written for 8088/8086-based products. 


After initializatton, coprocessor interrupt INT 02h (NMI) is normally supported by 
systems software (MS-DOS) and is not handled by the BIOS. 


The Weitek coprocessor generates the interrupt INT 75h (1IRQ13, Coprocessor Error) 
when it encounters an enabled exception. This interrupt service routine is 
supplied by application programs for any enabled Weitek exceptions. INT 75h 
inspects the Accumulated Exception byte and takes appropriate action to resolve all 
unmasked exceptions. INT 75h then clears the exception byte and chains to the 
normal 80387 vector. 


When the system encounters the BIOS Weitek coprocessor interrupt, it jumps to the 
address pointed to by the vector for that interrupt. 





The memory location for the Weitek coprocessor is 0000:01D4 and its vector 
is INT 75h. 
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4.8 TICK COUNTER/ 
REAL-TIME CLOCK 
(RTC) INTERRUPTS 


The tick counter/RTC interrupts provide all timekeeping functions in the BIOS. The 
tick counter/RTC interrupts are actually two separate services attached to two 
different hardware elements. 


The tick counter is actually one counter of the Programmable Interval Timer. The 
tick counter is provided mainly for compatibility with software written for 
8088-/8086-based products. The TC clock is part of the Real Time Clock and 
Configuration Memory device. The RIC provides battery-backed-up time-of-day 
information and alarm service in a binary-coded decimal (BCD) format. 


During power-on, the BIOS uses the RIC to initialize the tick counter. Thereafter, 
the tick counter maintains a 32-bit counter in the BIOS RAM area that contains the 
number of ticks since midnight. Ticks arrive from hardware interrupt IRQO and are 
vectored through INT 08h at a rate of approximately 18.2 ticks per second 

(18.2 Hz). When the counter reaches 1573040 (24 hours), it rolls over to zero and 
sets a rolled-over flag in BIOS RAM. 


In addition to timekeeping, the tick counter also decrements a countdown timer 
variable in BIOS RAM, and when zero is reached, turns off the diskette drive 
motors. A periodic interrupt to applications software is provided by the BIOS 
calling INT 1Ch every tick. The vector in INT 1Ch is initialized at power-on to 
point to an interrupt return. 
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RTC BIOS support provides an interface to the MC146818 clock/calendar functions of 
the RTC device. This device maintains the time-of-day and an alarm function in 
hardware. If enabled, .it also interrupts the processor on IRQ8 vectored through 
INT 70h at a rate of 1024 interrupts per second (one every 976 us). 


Three software services are driven by the RTC hardware interrupt to INT 70h 

(IRQ 08h): Event Wait (INT 15h, AH = 83h), Unconditional Wait (INT 15h, AH = 86h), 
and RTC Alarm Service (INT 4Ah). See their respective descriptions in this chapter 
for further information. 


Table 4-13 lists the BIOS Tick Counter/Real-Time-Clock (RTC) interrupts. When the 
system encounters one of these tick counter/real-time clock interrupts, it jumps to 
the address pointed to by the vector for that interrupt. Table 4-14 lists the 
memory locations where these vectors reside. 


Table 4-13. Tick Counter/Real-Time-Clock (RTC) Timer Interrupts 


INT Type Function 

1Ah SW Tick Counter/RTC 

1Ch SW Tick Counter Service 
4Ah SW RTC Alarm Service 
O8h HW IRQO, Tick Counter 
70h HW IRQ8, RTC Interrupt 


re Nn RE tT 
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Table 4-14. Memory Locations Used by Tick Counter/ Real-Time Clock (RTC) 
Timer Interrupts 


Memory Location Bytes Function 

0000: 0020 4 INT 08h Vector 

0000:0068 4 INT 1Ah Vector 

0000:0070 4 INT 1Ch Vector 

0000:0128 4 INT 4Ah Vector 

0000:01C0 4 INT 70h Vector 

0040:006B 1 Interrupt Occurred Flag 
0040: 006C 4 Timer Ticks Since Midnight 
0040:0070 l Timer Rolled-Over Flag 
0040:0098 4 Pointer to Caller's Wait Flag 
0040: 009C 4 Wait Count (32 bit) 

0040: 00A0 1 Wait Active Flag 


ee ee aaa aaa saauaaaaaamaaaasaaaasaaaaaaaaaaaaaaaaaaaamasaaaaaaasaaasaaaaad 
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INT 08h - HW - IRQO, Tick Counter Interrupt 
- CPU - Double-Fault 


INT O8h can be reached in one of two ways. INT 08h normally handles the tick 
counter hardware interrupts from IRQO. However, if the 80386 is operating in the 
Protected mode, INT 08h is issued by the 80386 when a Double-Fault is detected 
(processor cannot continue). 


Operating system software running in the Protected mode can readily relocate 
hardware interrupts IRQO through IRQ/7 to another block of eight interrupt vectors 
to avoid conflict with the CPU interrupt. (See INT 15h, AH = 89h.) 


INT 08h is hardware-initiated by the output of interval timer counter 0 at a rate 
of 18.2 times per second (18.2 Hz). INT 08h is used to provide timekeeping 
functions, turn off the diskette drive motors, and make calls to INT 1Ch. 


ROM ENTRY: Points to ROM tick-counter interrupt handler 


ROM ACTION: ROM code increments the contents of a 32-bit double-word. When the 
count reaches 1573040 (001800B0h), a flag is set (= 1) indicating that 
the timer has rolled past a day since last read and that the 32-bit 
double-word is cleared to 0 for the next day's incrementing. 


INPUT: Double-word counter 

OUTPUT: Double-word counter, incremented Rolled-over flag 

USE: The contents of the counter can be set or read by calls to INT 1Ah and can be 
used to keep track of elapsed time (since midnight). A user-supplied routine 
may also be periodically invoked from INT 1Ch. See INT 1Ah and INT 1Ch 


for details. 


The vector for this interrupt is normally not changed by the user. 
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INT 1Ah - SW - Tick Counter/RTC 


INT 1Ah reads or sets the tick counter, RTC time, RTC date, or RIC alarm. The 
tick counter is a 32-bit location in BIOS RAM that is incremented 18.2065 times 
per second, that is, once for each INT 08h hardware interrupt. When a count of 
1,573,040 (001800B0h) is reached (24 hours), the BIOS resets the tick counter 
to 0, and sets the rolled-over flag in location 0040:0070 to al. System 
software normally initializes this counter to the time of day represented as 
ticks since midnight. 


RTC functions handle I/0 to the real-time clock and configuration memory device and 
maintains in BIOS RAM a 32-bit event wait counter. The RTC operates independent] y 
of the tick counter. 


ROM ENTRY: Points to tick counter/RTC ROM entry point 


ROM ACTION: Upon entry, control is transferred to one of eight routines based on 
the function code in register AH. These functions are described in the 
following table. Illegal function codes cause control to simply 
return. All registers except those returning a value are preserved. 


Function Summary 


AH Action 

00h Read Tick Counter 
Olh Set Tick Counter 
02h Read RIC Time 

O3h Set RTC Time 

04h Read RIC Date 

05h Set RIC Date 

O6h Set RIC Alarm 

07h Reset RIC Alarm 


Interrupts remain enabled. 


The only Tick Counter/RTC function (INT 1Ah) that affects the caller's flags is the 
Set RTC Alarm function. The Carry Flag (CF) is set to 1 when the alarm is already 
set (alarm already active). 


Functions and their related parameters are individually described on the 
following pages: 


_——e en a aaa aaa saamaammacacmmmammmammmmmammmmmmasaaal 
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INT 1Ah, AH = OOh - Read Tick Counter 


INT 1Ah, AH = OOh reads the contents of the tick counter and places these 
parameters in the output registers in a binary format. 


INPUT: AH = OOh 


AH MITT 


BXYSTLLTTTLTLLTTTT ATLL LTT TTT TT TT 
CXYSSLLLTLTTTT TTT TAAL TT 


AL 










DXVSTSLLLTLTLTTLTLT TTT TTT TTT TT 
OUTPUT: CX = Most significant word count 
DX = Least significant word count 
AL = Rolled-Over Flag 
= 1 when 24 hours have elapsed since last read 
AHV//IIIITITTI TI ///| ~=ROLLED OVER AL 





BX 
CX 
DX 


SLLTTLLTTT TTT LTT 
COUNT <31..16> 
COUNT <15..0> 







The Rolled-Over Flag is cleared by this interrupt. 


The tick counter increments continuously: 
18.2065 times per second, 1092 times per minute, 
65543 times per hour, or 1,573,040 times per day. 


a a La Tr 
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tp INT 1Ah, AH = Oth - Set Tick Counter 


INT 1Ah, AH = Olh loads the tick counter with the specified values. 


INPUT: AH = Olh 
CX = High portion of count 
DX = Low portion of count 
AH IIT ATTTT TALL | AL 





BX 
CX 
DX 


FLLTLLLTLTTT TTA AAT 
COUNT <31..16> 
COUNT <15..0> 







OUTPUT: None 

The Rolled-Over Flag is cleared by this interrupt. 

INT 1Ah, AH = 02h - Read RTC Time 

INT 1Ah, AH = O2h reads the RTC time and places the value in the output registers. 


INPUT: AH = 02h 


MMIII 


FILLLLTLLTLTATT TATA TTT ATTA 
FILLTLLLTTTTATT TTT TL 
LLLTLLTTTT TTT LTT ATT TAA AT LT 





AH AL 
BX 
CX 


DX 






BCD Hours 
BCD Minutes 
BCD Seconds 


OUTPUT: CH 
CL 
DH 


Ta 
ATTA 
| BCD HOURS | BCD MINUTES 


MITT 


AH 
BX 
CH 
DH 





CL 
DL 
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INT 1Ah, AH = 03h - Set RTC Time 


INT 1Ah, AH = 03h loads the specified values into the RIC time registers. 


INPUT: AH = O3h 
CH = BCD Hours 
CL = BCD Minutes 
DH = BCD Seconds 
L = 00h if Standard Time 
= Olh if Daylight Savings Time (DST) 


MITT 


LELTLTTTTTTT TTL TTT 


BCD HOURS BCD MINUTES | CL 
BCD SECONDS DL 


OUTPUT: None 





AH 
BX 
CH 
DH 


AL 





INT 1Ah, AH = 04h - Read RTC Date 


INT 1Ah, AH = 04h reads the date values from the RTC registers and stores these 
values in the output registers. 


INPUT: AH = 04h 


AH MII 


BRESSILLLLLLTTTTT TTT TTT 
8 
DXESTLTTTTLTLTTT TTT T TTL TL TTT TTT 






AL 






OUTPUT: CH = BCD Century (19 or 20) 
CL = BCD Year 
DH = BCD Month 
DL = BCD Date 





AHYSTLLLLLLLLTL LTT 







BXISSLSLLLLTLLTLLTT ATTA TTT TTT 
CH| BCD CENTURY BCD YEAR CL 
DH BCD DATE DL 
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INT 1Ah, AH = 05h - Set RTC Date 


INT 1Ah, AH = 05h loads the specified values into the RTC date registers. 


INPUT: AH = O5h 
CH = BCD Century (19 or 20) 


CL = BCD Year 
DH = BCD Month 
DL = BCD Date 


AL 







AH LITT 


54 (DA 
cH BCD_YEAR 
DH BCD _DATE 


OUTPUT: None 


CL 
DL 





INT 1Ah, AH = 06h - Set RTC Alarm 


INT 1Ah, AH = O6h loads the specified values into the RTC alarm register. 


INPUT: AH = O6h 
CH = BCD Hours 
CL = BCD Minutes 
DH = BCD Seconds 


AH LIIIITTLITT 


BXESLITLLTLLTTTTTTL TALL LLL TTT LT 


CH BCD MINUTES 
DH SIT 


AL 






CL 
DL 


INT 1Ah, AH = O6h always sets IF = 1. If an alarm is already pending INT 1Ah also 
sets CF = l. 


The RTC interrupt (IRQ8) is enabled on Interrupt Controller 2 by the Set RTC Alarm 
function, but is not disabled by the Reset RTC Alarm function call. 
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INT 1Ah, AH = 07h - Reset RTC Alarm 


INT 1Ah, AH = 07h resets the RTC alarm register. 


INPUT: AH = O7h 


AH MITT 


BXYSTTLLTTTTTTTT TLL LAAT TT 
OS 
DXESLTTTTTTLTLLT LLL L TLL TT 






AL 






OUTPUT: None 


INT 1Ch - SW - Tick Counter Service 


INT 1Ch is called from the ROM at every interval-timer clock tick to provide the 
user with a means of executing code on a periodic basis (18.2 times per second). 


INT 1Ch is not processed by the BIOS other than to return control to the 
calling program. 


ROM ENTRY: Points to an interrupt return 

ROM ACTION: Returns 

INPUT: None 

OUTPUT: None 

USE: The vector for this interrupt can be changed by system software or an 
application program to point to a user-supplied routine to be called at each 


hardware timer clock tick. The user routine must save al] registers used and 
return with IRET. 
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INT 4Ah - SW - RTC Alarm Service 


INT 4Ah occurs when the alarm function of the RTC has been enabled and the desired 
time reached. INT 4Ah is provided to notify user programs when a specified time of 
day is reached. 


INT 4Ah is not processed by the BIOS other than to return control to the 
calling program. 


ROM ENTRY: Points to an interrupt return 
ROM ACTION: None 


USE: This vector can be changed by system software or an application program to 
point to a user-supplied routine that can use the RIC alarm service. 
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INT 70h - HW - IRQ8, RTC Interrupt 


The RTC device (when enabled) interrupts the processor approximately every 976 us, 
which is the period of the RTC clock. 


ROM ENTRY: Points to RIC Interrupt handler 


ROM ACTION: The interrupt handler performs an EOI to the Interrupt Controller 2 
(slave), then does an EOI to the Interrupt Controller 1 (master). 
The handler recognizes alarm interrupts and periodic interrupts. 
The periodic interrupt is used to implement the Wait and Event Wait 
(unconditional) INT 15h functions. 


When a periodic interrupt occurs, a check is made to insure that a Wait or Wait 
Event is defined. If so, the 32-bit counter in RAM locations 0040:009C and 
0040:009E is decremented and checked for completion. If the timeout has expired, 
then the Periodic Interrupt Enable is disabled, the Wait Active flag in RAM at 
0040:00A0 is cleared, and the user's semaphore is set. This semaphore is bit <7> 
of a byte pointed to by location 0040:0098. 


When a timer alarm interrupt occurs, a call to INT 4Ah is performed. The caller is 
expected to intercept INT 4Ah before calling the Set Alarm function. 


INPUT: None 
OUTPUT: Event Wait timer is decremented 


USE: Used by BIOS to implement the event timer and alarm functions. 
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4.9 SYSTEM INTERRUPTS 


This section contains descriptions of general BIOS services that are not attached 
to specific I/0 devices. These include INT 02h for memory parity errors, INT 11h 
and INT 12h for system configuration information, INT 15h for BIOS extensions such 
as multitasking support, and INT 18h and INT 19h for bootstrap operations. 

When the system encounters one of these system interrupts, it jumps to the address 
pointed to by the vector for that interrupt. 


Table 4-15 lists the BIOS system interrupts. 


Table 4-15. BIOS System Interrupts 


INT Type Function 

02h HW Non-Maskable Interrupt (NMI) 
Lih SW Configuration 

12h SW Base Memory Size 

15h SW BIOS Extensions 

18h SW Boot Fail 

19h SW Bootstrap 


Table 4-16 lists the memory locations where these vectors reside. 


Table 4-16. Memory Locations Used by System Interrupts 


Memory Location Bytes Function 

0000:0008 4 INT O2h Vector 

0000:0044 4 INT 11h Vector 

0000:0048 4 INT 12h Vector 

0000:0054 4 INT 15h Vector 

0000: 0060 4 INT 18h Vector 

0000:0064 4 INT 19h Vector 

0040:0010 2 system Configuration 
0040:0013 2 Base Memory Size (in Kbytes) 
0040:0067 4 Reset Vector 

0040:0072 2 Reset Word 

0040:0098 4 Pointer to Caller s Wait Flag 
0040: 009C 4 Wait Count (32-bit) 

0040: 00A0 1 Wait Active Flag 


Te OT 
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INT 02h - HW - Non-Maskable Interrupt (NMI) 


INT 02h occurs when the system detects a memory parity error, a fail-safe timer 
interrupt or a coprocessor fault. Generally, routines that handle coprocessor 
exceptions or fail-safe timer events trap the NMI interrupt vector to handle these 
events. The ROM BIOS contains support only for detection of parity errors. 


ROM ENTRY: Points to ROM INT 02h handler 


ROM ACTION: When an NMI interrupt occurs, the status of the parity error hardware 
latch is examined to determine the source of the parity error. 
The system then displays a PARITY CHECK 2° error message, then halts. 


USE: The BIOS uses this interrupt to detect I/0 channel checks. 
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INT 11h - SW - Equipment Configuration 


INT lih returns a bit-encoded word relating the number and type of hardware 
devices installed. 


ROM ENTRY: Points to Equipment Configuration ROM entry point 


ROM ACTION: The equipment status word is initialized on power-on. Calls by 
INT 11h return the contents of this word in register EAX. 


INPUT: None 


OUTPUT: EAX = Configuration 
(low word ) - same 
(high word) - Bit <24> set if Weitek installed 


The Weitek coprocessor may be installed on a COMPAQ DESKPRO 386/25 Personal 
Computer system. The ROM will execute a test during POST which will detect its 
presence and initialize it if installed. It does this by reading a bit in the 8042 
input register. A user interface is also provided; the presence of a Weitek can be 
determined using INT llih; Bit <24> of EAX will be set if the Weitek is present. 





EAX 
EBX 
ECX 
EDX 
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The following bit map shows the bit values for the Equipment Configuration Word: 
BIT 
24... 15 14 13 12 11 10 9876543210 AX - Function 


L 9 = No diskette drives 
installed 
1 = diskette drive(s) 
installed 
per bits </..6> 
oprocessor installed 
Reserved for other 
boards (EGA) 
initial video 
configuration 
00 = Reserved 
01 = 40 x 25 
10 = 80 x 25 
11 = monochrome other 
than COMPAQ 
Number of diskette 
drives 
00 = 1 
01 = 2 
10 = Reserved 
11 = Reserved 
Reserved 
Number of Async Ports 
000 = 0 
001 = 1 
010 = 2 
011 = 3 
100 = 4 
Game I/0 interface 


Reserved 
Number of printers 
00 = 0 

Ol = 1 

10 = 2 

ll = 3 


Weitek installed 


== 


NOTE: Bits <5..4> normally indicate an initial video configuration of 80 x 25 
text. Reserved bits should be masked out of any processing. 
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INT 12h - SW - Base Memory Size 


INT 12h returns to the caller the amount of base RAM installed in 
1-Kbyte increments. 


ROM ENTRY: Points to base memory size ROM entry point 

ROM ACTION: The base memory size word is initialized on power-on. Calls by INT 12h 
place the number of contiguous 1-Kbyte blocks of base memory in 
register AX. 

INPUT: None 


OUTPUT: AX = Contiguous base memory size in 1-Kbyte increments 








BASE MEMORY SIZE 
LITTETLLLTTTT TTT TTA TATA TT 
SLLLLTTTTTATL LTT TTA TTA TTT 
LELTLETTTTT TLL AAT TAA TTT TT 


AX 
BX 
CX 
DX 






The number in AX is always in multiples of 64 (decimal) to a maximum of 640. 
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INT 15h - SW - BIOS Extension 


INT 15h is used for a variety of BIOS functions. 


ROM ENTRY: Points to BIOS extension entry point 


Function summary 
AH Action 


4Fh Keyboard Scan Code Intercept 
80h Device Open 

81h Device Close 

82h Program Terminate 

83h AL = 00h Event Wait 

83h AL = Olh Cancel Event Wait 
84h Joystick 

85h SYS REQ Key Routine 

86h Unconditional Wait 

87h Block Move 

88h Expansion Memory Determination 
89h Enter Protected Mode 

90h Device Wait 

Sih Device Post 

COh Return System Environment 


ROM ACTION: On entry, control is transferred to one of the routines identified by 


the function code in register AH. 


NOTE: An illegal function code causes contro] to return to the caller. 


ma a a nt tr rm nr EEE 
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INT 15h, AH = 4Fh - Keyboard Scan Code Intercept 


When a keyboard scan code is read from the 8042 by the keyboard BIOS, it invokes 


INT 15h function 4Fh with the scan code in register AL and the Carry Flag (CF) set. 


This allows applications to trap INT 15h to examine and/or modify the scan codes 
generated by the keyboard. Upon return to the keyboard BIOS if the Carry flag has 
been reset, then the BIOS discards the scan code. Otherwise, the scan code in 
register AL is encoded as usual. 





INPUT: AH = 4Fh 
AL = Scan code received from keyboard 
CF = 1 

AH] —s4Fh_—s| Scan Code__—‘| AL 






BX 
CX 
DX 


SLLLTTTATLTATT TALL TT TTA TT 
SLLTLLLLTTTTT TTA TATA LT 
SLLTLTTTTTTTTT TTT TTT TTT 


OUTPUT: If CF = 1 
AL = Scan Code to be used by BIOS 


Scan Code 


SILELLTTTTTT TTA TATA AAT TTT LT 
LLLLLLLLLTTTTT TT TTT TATA TAT 
LELLLTTLTLL LLL LL TTA TT 





AH 
BX 
CX 
DX 


AL 






NOTE: IF CF = 0, then BIOS discards the Scan Code. 


COMPAQ DESKPRO 386/25 Personal Computer 


We r 
(Ta 4-86 Software Aspects and BIOS 


INT 15h, AH = 80h - Device Open 


INT 15h, AH = 80h is a dummy routine that a user-written dispatcher is expected to 
trap. The BIOS simply returns with AH = 00h, CF = 0, IF = 1. 


INPUT: AH = 80h 
BX = Device ID 
CX = Process ID 


AH LITT TT 


BX DEVICE ID 
CX PROCESS ID 
DXESTTTTLTLLLLL LLL LLL LLL TATA TTT 


AL 







OUTPUT: AH = 
CF = 0, IF = 1 


LITT 


FTTTTTTTTTT ATTA TATA 
STTTTTTTTT LTT AAT TATA ATA TT 
STTTTTTT LAAT AT TT 


AH 
BX 
CX 
DX 


AL 
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INT 15h, AH = 8th - Device Close 


INT 15h, AH = 81h is a dummy routine that a user-written dispatcher is expected to 
trap. The BIOS simply returns with AH = 00h, CF = 0, IF = 1. 


INPUT: AH 
BX 
CX 


8ih 
Device ID 
Process ID 


AH MITT 


BX DEVICE ID 
CX PROCESS ID 
DXESTLLLLTTL LLL TTT TTT TT 


AL 







OUTPUT: AH 
CF 


AH IIIT 


BXYLTTITTTTTTTTT TTT TTT TATA TTT 
CXUSLLLLLTTTTTLTTLT TTT ATTA TT 
DXESLLLLLTTTTTTTL LLL LTT TTA ATT 


AL 
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INT 15h, AH = 82h - Program Terminate 


INT 15h, AH = 82h is a dummy routine that a user-written dispatcher is expected to 


trap. This routine serves as a dumny routine for multitasking support. 


simply returns with AH = 00h, CF = 0, IF = 1. 


INPUT: AH = 82h 

BX = Process ID 
AH SILT | AL 
BX PROCESS ID 






STTTTTTTT TL TT TTA TATA 
STTTTTTTTT TTT TATA TAA TAT 


CX 
DX 





OUTPUT: AH = 
CF = 


AH IIIT 


BXYSSLTLTTTTTTTTTTT TTT TT TT 
CXESLLLLITTTTTTT TTT TT 
DXYSTLLLLLLLLLLLLL LLL TTT TT 


AL 
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ww INT 15h, AH = 83h, AL = 00h - Event Wait 


A call to INT 15h, AH = 83h, AL = 00h, always returns immediately. The calling 
program is expected to poll] the semaphore byte to determine completion of the 
wait period. 


INPUT: AH = 83h 
AL = 00h 
ES:BX = Pointer to semaphore byte in user memory 
Bit </> of the semaphore byte is set when the wait time expires. 
CX = High count of number of microseconds to wait 
DX = Low count of number of microseconds to wait 


00h 


SEMAPHORE OFFSET 
COUNT <31..16> 
COUNT <15..0> 





AH 
BX 
CX 
DX 


ww ES SEMAPHORE SEGMENT 


OUTPUT: If no previously defined event is active when Event Wait is called, then 
the function call returns with CF = 0. If a previously defined event is 
still active, then the function call] returns with CF = 1. 


AL 






Bit <7> of the user's semaphore byte is not reset by this call prior to performing 
the Event Wait. 


The timing resolution of this call is 976 us, because RTC periodic interrupts are 
used to implement this function. 





eg es Tee ee ee Te a eee ee ee ee SIS 5 I TE SIE TI I ET I PETE TEI IE ITO TIC TE TE ET TT IEE NEE IE LOL A A A TOT EE 


COMPAQ DESKPRO 386/25 Personal Computer 


v4 4 et 
WP 4-90 software Aspects and BIOS 





INT 15h, AH = 83h, AL = O1h - Cancel Event Wait 


This function is used to cancel an Event Wait performed with the function INT 15h, 
AH = 83h, AL = OOh. 





AH AL 
BX 
CX 


DX 






O1h 


STTTTTTTTT TTT TAA TTA 
STTTTTTATT TTT TTT TTA 
STTTTTTTLL LATTA ATA TT 






OUTPUT: None 
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INT 15h, AH = 84h - Joystick 


INT 15h, AH = 84h, reads the joystick switch settings and the joystick 
potentiometer values. This function assumes that a standard joystick interface is 
being used. Refer to the joystick documentation for further information. 


INPUT: AH = 
DX = 


MII 


LTLTTLTTTTATA TATA TA TTT AAA TT 
PILTTLLTTTT TATA TATA AAA ATTA TT 
0000h 


84h 

0000h - Read Joystick Switches 
AH 
BX 
CX 
DX 


AL 







OUTPUT: AH 
AL 
CF 


00h 
Switch Settings (bits <7..4>) 
0, IF=1 


AH SWITCHES 


9 
CXLTLTLLLLLTTLLTTLTTT TTT TTT TT 
DXESTLLLTTTTTTLTLTTT TATA ATTA T 







AL 





BIT 
76543210 


0000 (Not used) 


Varies (joystick dependent ) 


INPUT: AH = 84h 
DX = 0001lh - Read Joystick Potentiometer 


AH LITTITTTATT 


BXYSLLLLLLLLTLTTTTT TTT TATA A TT 
CKELSLLLLLLLLLLTLLT LTT TTA TTT 
DX 0001h 







AL 
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OUTPUT: AX = A(x) Potentiometer (POT) Value 


BX = A(y) Potentiometer (POT) Value 
CX = B(x) Potentiometer (POT) Value 
DX = B(y) Potentiometer (POT) Value 
CF=0, IF=1 

AX A(x) VALUE 

BX A(y) VALUE 

CX B(x) VALUE 

DX B(y) VALUE 





For invalid joystick subfunction codes in DX, the BIOS returns AH = 86h, CF =1, 
and IF = 1. 


Using a 250-kohm joystick, the range of returned values to be expected for the 
potentiometers extends from a low of 0 to a high of approximately 416 (01A0h). 

If a game interface is not installed when these functions are invoked, appropriate 
values are still returned. That is, the values returned for the switches will be 
ones, meaning the buttons are open, and the values returned for the potentiometers 
will be zeros. 
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ww INT 15h, AH = 85h - SYS REQ Key Routine 


When the SYS REQ key is pressed, the keyboard interrupt handler invokes INT 15h 
with AH = 85h, AL = 00h. When the SYS REQ key is released, the keyboard interrupt 
handler invokes INT 15h with AH = 85h, AL = Olh. The BIOS INT 15h Make and Break 
functions are actually default dummy routines. To make use of the SYS REQ key, 
system software must trap these functions and provide a handler routine. 


RAM location 0040:0018 stores the SYS REQ key status. If bit <2> in the status 
byte at 0040:0018 is set, this means that the SYS REQ key is currently held down. 
The bit is cleared when the SYS REQ key is released. 


SYS REQ Key Pressed (Make): 


85h 
00h (Make) 


INPUT: AH 
AL 








85h 00h AL 
SLLLLLLLTTLTLTA TTT TTT TT 


STTTTTTTTTTTT TAT AAT ATT ATT TT 


AH 


wy - 
CX 






DXESSSSLTLLLLTTTTLT TTT TTT 
OUTPUT: AH = 00h 
CF=0, IF=1 





AH MITT 


BXUSTTLTTTTTTTTTTT TATA TTT LT 
CXELLLLLLLLLLLLLLLL LLL TATA TTT TTT. 
US 


AL 
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SYS REQ Key Released (Break): 


INPUT: AH = 85h 
AL = Olh (Break) 





AH 01h AL 
34 






8 





DXELALTLLLLLTLT LLL TTT TAT TT 
OUTPUT: AH = 00h 
CF=0, IF=1 


AHL 00H SSSSITIIITLTIT | AL 


DXESTTITTTLTTLLLL LTT TTT TATA TT 





For invalid SYS REQ key subfunction codes in AL, the BIOS returns AH = 00h, CF 


and IF = l. 
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\w INT 15h, AH = 86h - Unconditional Wait 


INT 15h, AH = 86h performs an Unconditional Wait. Control does not return to the 
calling program until the time period has expired. 


INPUT: AH = 86h 
CX = High count of number of microseconds to wait 
DX = Low count of number of microseconds to wait 


AH MII 






AL 







BRYSLLLTTTTLTLLLLLTT TTT LT 
CX COUNT <31..16> 
DX COUNT <15..0> 





OUTPUT: If CF = 0, the wait was actually performed 
= 1, the wait was not performed (that is, an Event Wait was 
currently active) 
IF = 1, (Interrupts enabled) 


The resolution of this call is 976 us, because RTC periodic interrupts are used to 
implement this function. 





SN rn re 
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INT 15h, AH = 87h - Block Move — 


INT 15h, AH = 87h moves (copies) a block of data to/from anywhere in physical 
memory. INT 15h, AH = 87h normally is used to move data to/from extended memory 
(past l-megabyte) because Real mode addressing can only address the first megabyte 
of RAM. 


Block Move is performed with interrupts disabled, therefore the tick counter is not 
updated during the move. 


INPUT: AH = 87h 
CX = Number of words to move (max 8000h) 
ES:SI = Pointer to Block Move Descriptor Table 


AL 






AH SII 
4 
CX WORD COUNT 


OS 


SI DESCRIPTOR OFFSET 
ES DESCRIPTOR SEGMENT 







OUTPUT: AH = 00h if successful, IF = 1, CF = 0 

= Olh if parity error, IF = 0, CF = 1 

= 02h if exception error, IF = 0, CF = 1 

= 03h if gate address bit A20 fails, IF = 0, CF = 1 
AH STATUS LILTTITTTTTTT TT | OAL 





BX 
CX 
DX 


SILTTLLLLLLL LLL TTT TAA 
STTTTTTTTT TTT TTT AT TTT 
FLTTLLLLLLLL TTL TTT 
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The following table gives the format of the Block Move Descriptor Table pointed to 
by the ES:SI registers. 


Entries [0], [1], [4], and [5] in the global descriptor table (GDT) should all be 
initialized by the caller to 8 bytes of 00h each. Entries [2] and [3] must be 
valid descriptors containing the appropriate base addresses, limit values, and 
access rights. 


INT 15h, AH = 88h - Extended Memory Determination 


Returns the amount of memory above 1 megabyte. This amount does not include the 
COMPAQ Built-in Memory or the 128 Kbyte of memory reserved for system use. 





GOT [0] 
GOT [1] 
GDT [2] 
GODT [3] 
GOT [4] 
GDT [5] 








INPUT: AH = 88h 


AH MITT 


BXESTLLLTTLLTLLLTTT TTT ATT LTT. 
CXESSLLTLTTTTTT TTT TTT ATTA TTT TT TTT 
DXISSLLLTLLLTTTTLT LTT TATA TTT. 





AL 






OUTPUT: AX = Number of 1-Kbyte blocks above 1 megabyte. Flags are unaffected. 





EXTENDED MEMORY SIZE 
SLLLLTTTTL TTT TTT TTT TT 
SLLLTTLTLLTTT TTL TTT TA AAT TT 
SLLLLTTTTT TLL TTT TATA 





AX 
BX 
CX 
DX 
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INT 15h, AH = 89h - Enter Protected Mode 


Upon return from the function call, the caller is executing in Protected mode. 
Address line A20 is enabled, and both Interrupt Controller 1 and Interrupt 
Controller 2 are reconfigured to use the interrupt base as specified by the user in 
registers BH and BL, respectively. 


Interrupts are disabled at the processor level, and the interrupt mask registers 
(IMR) of both Interrupt Controller 1 and Interrupt Controller 2 are also disabled 
upon return. A completion code is returned in register AH. If AH returns with a 
value of 00h, then transition to Protected mode has completed successfully. A 
non-zero value in AH signifies that the gate for address line A20 could not be 
enabled (due to hardware failure) and the caller is still executing in Real mode. 


INPUT: AH = 89h 
BH = Interrupt base for IRQO 
BL = Interrupt base for IRQ8 
ES:SI = Pointer to descriptor table 


AH LITITI TA 
BH IRQ8 BASE 


CXESTLLLLLLLLLLTTT TTT AAT 
US 


oI DESCRIPTOR OFFSET 
ES DESCRIPTOR SEGMENT 


AL 
BL 
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The following table gives the format of the Block Move Descriptor Table pointed to 
by the ES:SI registers. 










60T [0] 
6oT [1] 
GOT [2] 
GOT [3] 
GOT [4] 
6oT [5] 
GOT [6] 
GOT [7] 





Entries [0] and [7] should be initialized to zeros (null) by the caller. Entry 
[1] MUST contain the base address and limit for the GDT itself. Entry [2] must 
be initialized with a base address and a limit that points to an interrupt 

descriptor table (IDT) supplied by the caller. The caller must also supply all 


interrupt handlers. 


Entries [3], [4], and [5] contain the base address, limit, and access rights of the 
DS, ES, and SS to be used in Protected mode. 
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The base address of entry [6] should be the caller's code-segment address expressed 
as a 24-bit base address since the function call expects to return to the 
instruction following the INT 15h instruction. 


OUTPUT: AH = 00h if OK 
= FFh if A20 gate fails 
DS = User-defined selector 
ES = User-defined selector 
SS = User-defined selector 
CS = User-defined selector 


LITT 


FLLLLTLLTTTTTL TLL TT 
SLLTTLLLTTTTA TTA TTT TTT 
FILET TTTLTTAT TLL AAT ATTA TT 





AH 
BX 
CX 
DX 


AL 






DS DATA SELECTOR 
ES EXTRA SELECTOR 
95 STACK SELECTOR 
CS CODE SELECTOR 
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= INT 15h, AH = 90h - Device Wait 


INT 15h, AH = 90h can be used for multitasking programming purposes. 


INPUT: AH = 90h 
AL = Type code (see the first table on page 4-103) 
OOh..7Fh Not re-entrant 
80h..BFh Re-entrant 
COh..FFhH Wait only 
ES:BX = Pointer to request block for device types 


80h. .BFh 


At TYPE CODE 


BX REQUEST BLOCK OFFSET 
CXYSLLTTLLLLTTT TTT LTT TTT TT 
DXESLLTTLTLTTTLTLLTT LTT LL TTT TT 


ES REQUEST BLOCK SEGMENT 


OUTPUT: AH = 00h 
CF = 0, IF=1 


AH LITT 


BXYSTLLLLLTTTL TELL TLL TTT TT 
CKYLLLTLLLLLLTTL LLL TTT TTT TT 
DXYSLLLTTTLTLLTTT TTT LTT TTT TTT TT 






AL 










AL 






The fixed disk, diskette, printer, and keyboard ROM drivers all make a call to 
Device Wait prior to performing a timeout so that a user-written dispatcher can 
place another task in execution while the device timeout is taking place and, 
therefore, achieve better processor throughput. 


The ROM device driver tests the CF flag to determine whether the dispatcher has 
performed the time-out or if the ROM driver should perform its usual time-out. If 
CF = 1 upon return from the Device Wait function call, the ROM driver assumes a 
dispatcher has performed the device time-out; otherwise, the usual time-out is 
performed by the ROM device driver. 
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If Device Wait is not trapped by a user-written dispatcher, then its usual function 
is to return AH = 0, CF = 0, IF = 1, regardless of the type code in AL, effectively 


telling the ROM driver to perform its own time-out. 


INT 15h, AH = 9th - Device Post 


This function may be used for multitasking programming purposes. 


INPUT: AH = 91h 
AL = Type Code (see page 4-103} 
OOh..7Fh Not re-entrant 
80h..BFh Re-entrant 
COh..FFH Wait only 
ES:BX = Pointer to request block for device types 80h. .BFh. 


AK TYPE CODE 


BX REQUEST BLOCK OFFSET 
CXESTLLTTLLLTLTT TTT TTT AAT TTT 
DS 


ES REQUEST BLOCK SEGMENT 


OUTPUT: AH = OOh 






AL 






Flags unaffected 


AH SLIT 


BXISTLLLLLLLLLTLLL PTTL TTT TTT 


CXEPLLTTTTTTTTT TTT TTT TTA 
DXSTLLLLLLLLLLLT TTT AAT TTT TTT 


This function call is invoked by BIOS device handlers that are interrupt driven, 
which include the fixed disk, diskette, and keyboard drivers. 


AL 






i lem mn nn 
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The printer BIOS code does not invoke this function since printer devices are not 
interrupt driven. The Device Post supplies the mechanism to signal a user-written 
dispatcher that the device is ready and that the task associated with the device 
can be placed in execution once again. 


The BIOS communications functions do not invoke either the Device Wait or the 
Device Post function cal]. Although communications I/0 is not interrupt driven, 
timeouts are performed during communications. 


If the Device Post function is not trapped by a user-written dispatcher, then its 
usual function is to clear AH and return with the flags unchanged, regardless 

of the type code supplied in AL. The following table lists the type codes and 
their descriptions. 


Type Code Class Description 
OOh..7Fh Not The device and associated ROM code is not serially 
Re-entrant reusable (that is, not re-entrant). It is the 
responsibility of the user-supplied dispatcher to 
serialize access within a multitasking environment. 


An example of this type of device is a diskette drive. 
80h..BFh Re-entrant The device type is re-entrant, and ES:BX is used to supply 


the address of a request packet for each of the possibly 
simultaneous calls. An example of this type of device is 
an installable device driver for network access. 

COh..FFn Wait-only This type of device performs timeouts, but is not interrupt 
driven. Therefore, a Device Wait is executed, but there is 
no corresponding Device Post. The length of the timeout is 
device dependent. The printer is an example of this 
device type. 


When Device Wait and Device Post are invoked by the ROM device drivers, the 
specific device type is supplied in AL as given in the following tabulation: 


Device AL Value 
Fixed Disk Access 00h 
Diskette Access Olh 
Keyboard 02h 
Diskette Motor Start FDh 
Printer FEh 
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For fixed disk and diskette accesses, a Device Wait is performed by the BIOS 
whenever a request is issued to the disk(ette) controller, and a Device Post is 
performed when the controller issues the interrupt signaling the completion of the 
request. For diskette motor start, there is no interrupt signifying motor start 
completion, so there is no corresponding Device Post. 


The Get Key keyboard function (INT 16h, AH = 00h) performs a Device Wait if there 
is currently no character available in the keyboard queue. A Device Post is 
performed by the keyboard BIOS interrupt handler once a keycode is placed in the 
keyboard queue. 


The Print Character BIOS function (INT 17h, AH = 00h) performs a Device Wait if the 
printer device is not currently ready to accept a character, and a time-out must 
be performed. 


INT 15h, AH = COh - Return system Environment 


This function is used to request the system environment from the BIOS. 


Registers ES:BX return a pointer to a table containing various system 
configuration parameters. 


INPUT: AH = COh 


AH LITT 


BXYSLLLTLLLTLTTLL LL LTT TTT TT TT 
CXESLLLTLTTLTT TTL L LLL LTT TT 
DXESTTTTTTTTTTT TTT TTT TTT TTT 


AL 







OUTPUT: ES:BX = Pointer to system configuration table 


BX SYSTEM CONFIGURATION OFFSET 
ES} SYSTEM CONFIGURATION SEGMENT 
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system configuration table is as follows: 


Byte in Table Parameter Parameter Size Typical Value 
0 Length of table (in bytes) Word 0008h 

2 system Model Byte FCh 

3 system Type Byte O1H 

4 BIOS Revision Level Byte OOH 


5 Misc. Configuration Parameters Byte 70h 
bit </> - DMA Channel 3 in use 
bit <6> - Cascaded Interrupt level 2 
bit <5> - Real-time clock available 
bit <4> - Keyboard intercept available 
bits <3..0> - Reserved 


6 Reserved Byte 00h 
7 Reserved Byte 00h 
8 Reserved Byte 00h 
9 Reserved Byte 00h 


INT 18h - SW - Boot Fail 


When system bootstrap attempts from both the diskette and fixed disk are 
unsuccessful, an INT 18h is issued by the system ROM. 


ROM ENTRY: Points to Boot Fail handler 


ROM ACTION: This vector is initialized by the system ROM to point to the code that 
outputs a ‘Non-System disk or disk error, replace and strike any key 
when ready. message, then waits for the user to press any key. Upon 
receipt of a keystroke, a re-boot is attempted by issuing an INT 19h. 


USE: The initialization code of an option ROM may change the INT 18h vector to 
point to custom-ROM code that attempts to boot from another device, such as a 
special disk or network. The contents of the INT 18h vector should be saved. 
If the attempt to boot the system on another device fails, the custom ROM 
should transfer control to the standard INT 18h vector. In this manner, the 
system can follow a sequence of bootstrap attempts on different devices. 
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INT 19h - SW - Bootstrap 


INT 19h reads the bootstrap loader from the system disk and transfers control 
to it. 


ROM ENTRY: Points to Bootstrap ROM entry point 


ROM ACTION: Enables interrupts. Three attempts are then made to read the boot 
sector into location 0000:7C00. If these fail, INT 18h is called. 


USE: The initialization code of a custom ROM may change the INT 19h vector to point 
to custom ROM code that attempts to boot from another device, such as a 
special disk or network. The contents of the INT 19h vector should be saved. 
Following the custom ROM boot, control should be returned to the standard INT 
19h vector. In this manner, initialization of the custom ROM can be 
incorporated into system initialization. 


If the read is successful, control is transferred to 0000:7C00. 
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4.10 DISKETTE DRIVE 
INTERRUPTS 


All communication between the user and the diskette drive is via a single ROM call 
(INT 13h). The user can perform any of the following functions: read status, reset 
diskette, read sectors, write sectors, verify sectors, format a track, get drive type, 
get change line status, and set drive type for format. 


The diskette drive BIOS uses INT OEh (IRQ6) and DMA Channel 2 of the system. Usage of 
the diskette drive controller is defined in the diskette drive parameter table. 


When the system contains a fixed disk drive, INT 13h interrupts for drive select less 
than 80h are vectored to INT 40h. 


Common Operations 


Determining Media in a 
Diskette Drive 


On entry to the diskette drive routines that access the diskette (read/write/verify), 
a check is made of the media state for the target diskette drive. If the media state 
is established, then processing continues normally. If the media state is not 
established, a process internal to the BIOS determines the type of media installed. 


Table 4-17 lists a description of the diskette drive settings for 360-Kbyte, 
1.2-megabyte, and 1.44-megabyte diskette drives. 


Table 4-17. Diskette Drive Settings 


Drive Setting Description 

0 No drive 

l 5.25-inch 360-KB 
2 5.25-inch 1.2-MB 
3 3.5-inch 720-KB 
4 3.5-inch 1.44-MB 
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Formatting a Diskette in the 
1.2-Megabyte Diskette Drive 


To properly format a diskette in a 1.2-megabyte diskette drive, a Set Drive Type for 
Format (INT 13h, AH = 17h) should be made first. This function sets the media state 
for the diskette drive to be ‘established. If this function call is not made, then 
the format of the diskette is based upon the current media state (established or not) 
of the diskette drive. 


Formatting a Diskette in the 
1.44-Megabyte Diskette Drive 


To properly format a diskette in a 1.44-megabyte diskette drive, a Set Drive Type for 
Format (13h, AH = 17h) should be made first. This function sets the media state for 
the diskette drive to be “established.” If this function call is not made, then the 
format of the diskette drive is based upon the current media state (established or 
not) of the diskette drive. 


To format a 3.5-inch diskette for 1.44 megabytes of capacity in a 1.44-megabyte 
diskette drive, a high density 3.5-inch diskette is required. 


Diskette Drive Interrupts 


Table 4-18 lists the BIOS diskette drive interrupts. 


Table 4-18. Diskette Drive Interrupts 


Interrupts Available Type Function 

INT OEh HW IRQ6, Diskette Interrupt 
INT 13h SW Diskette I/0 

INT 1Eh PTR Diskette Parameter Table 
INT 40h SW Diskette I/0 


NOTE: INT 13h is also used for fixed disk drive functions. Additional AH functions 
exist for fixed disk drive interrupts. 


When the system encounters one of these diskette interrupts, it jumps to the address 
pointed to by the vector for that interrupt. 
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ww Table 4-19 lists the vectors, their locations, and the memory locations affected by 
these interrupts. 


Table 4-19. Memory Locations Used by Diskette Drive Interrupts 
Memory Location Bytes Function 


0000: 0038 4 INT OEh Vector 
0000:004C 4 INT 13h Vector 
0000:0078 4 INT 1&h Vector 
0000:0100 4 INT 40h Vector 
0040:003E 1 Drive Recalibration Status: 


Bits <3..0> = drives 4..1 if bit = 0, drive needs 
recalibration. Bit </> = Interrupt Occurred flag 


0040: 003F l Motor Status bits <3..0> = Drive 4..1 is running 

0040:0040 l Timeout Counter for Drive Motor turn off after 2 
seconds of tick counts (37 ticks) 

0040:0041 l Diskette Status (see Table 4-20 and Table 4-21) 

0040:0042 7 Drive Controller Status (Diskette Controller Chip 


RTRN Status) 


0040: 008B 1 Last Data Rate Selected 
= 0040: 008F 1 Drive Information Byte 
0040:0090 1 Drive A Media State Byte 
0040:0091 l Drive B Media State Byte 
0040:0092 l Drive A Operation Start State 
0040:0093 l Drive B Operation Start State. The Operation Start 


State is the starting media state when a diskette 


drive operation begins. 


0040:0094 1 Drive A Current Track Bytes 
0040:0095 1 Drive B Current Track Bytes of Drive A and Drive 


B- when 48-TPI media is in a 1.2-MB diskette drive, 
this byte is twice the actual track (for example, 
with Drive A head on cylinder 2, byte 0040:0094 
contains 4). 
NOTE: During a write operation, if a diskette drive parameter table specifies a 
head-settle time of less than 15 ms for a 1.2-MB diskette drive, or 20 ms for 
a 360-KB double-density diskette drive, then 15 or 20 ms, as appropriate, is 
used. 1.44-megabyte diskette drives are treated the same as 1.2-megabyte 
diskette drives. In addition, a motor-settle time of 1 second is used for a 


write or format operation and 625 ms for a read or verify. 


The following bit map shows the format of the last data rate selected byte defined in 
memory location 0040:008B. 
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BIT 
76543210 
L_ 1 = Multipurpose Controller Board Installed 


0 (Reserved) 


Starting Data-Transfer Rate 


00 = 500 kb/s 
01 = 300 kb/s 
01 = 250 kb/s 
11 = Reserved 


0 (Reserved) 


Final Data-Transfer Rate 


00 = 500 kb/s 
01 = 300 kb/s 
10 = 250 kb/s 
11 = Reserved 


The following bit map shows the format of the drive information byte at 0040:008F. 


BIT 
76543210 Drive A 


| = 80-track capability 
= can format at multiple data rates 
= multiple data rate capability 
(Reserved) 
Drive B 

1 = 80-track capability 

1 = can format at multiple data rates 

1 = multiple data rate capability 


0 (Reserved) 


QQ  e_—_= ee i——i 


a ma a BE a ge em merge ee nt ee 
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we The following bit map shows the format of the drive media state bytes defined in 
memory locations 0040:0090 or 0040:0091. 


BIT 
76543210 
Lif Media/Drive 


000 = 48-TPI, 360 KB (unestablished) 
001 = 48-TPI, 1.2 MB (unestabl ished) 
010 = 96-TPI, 1.2 MB (unestabl ished) 
O11 = 48-TPI, 360 KB (established) 
100 = 48-TPI, 1.2 MB (established) 
101 = 96-TPI, 1.2 MB (established) 
110 = Reserved 

111 = None of the above* 


0 (Reserved) 
1 = Media/Drive Established 


1 = Double Step Required 


_— Data-Transfer Rate 
00 = 500 kb/s 
01 = 300 kb/s 
10 = 250 kb/s 
11 = Reserved 


*If the media state is a <7>, the media established bit in the media state byte is 
used to determine whether or not the media is established. This value is used to 
support the 1.44-megabyte 3.5-inch drive. 
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INT OEh - HW - IRQ6, Diskette Drive Interrupt - CPU - Page Fault 


INT OEh is initiated by the diskette drive controller at the completion of an 
operation. This interrupt is also used by the CPU to generate Page Faults. 


ROM ENTRY: Points to ROM Diskette Drive Interrupt handler 


ROM ACTION: Calls made to the ROM using INT 13h for diskette drive I/0 are suspended 
internally until INT OEh occurs, signifying completion. 


USE: The vector for this interrupt may be changed to intercept diskette drive I/0 
operations for special real-time operating system requirements. 


Table 4-20 summarizes possible status codes returned for every possible diskette drive 
operation (listed by function code in AH). 


Table 4-20. Diskette Drive Status Codes Returned 
AH Error Codes 


Func OOh Olh O2h O3h O4nh O6H O8h O9h OCh 10h 20h 40h -~ 80h 
00h x x x 
Olh x x 

02h x x x x x x x x x x x 
O3h x x x x x x x x x x x 
04h x x x x x x x x x x 
O5h x x x x x x x x x x x 
O8h x x 

15h x x 

16h x x x 

17h x x x 

18h x x x 


COMPAQ DESKPRO 386/25 Personal Computer 


Technical Reference Guide 4-113 





ws INT 13h - SW - Diskette Drive |/O 


Communication between the user and the diskette drive is via a single ROM call. 

The diskette drive BIOS uses INT OEh (IRQ6) and DMA Channel 2 of the system. Use of 
the diskette/tape drive controller is defined in the diskette drive parameter table 
(see INT 1Eh). 


ROM ENTRY: Points to disk I/0 routine that dispatches to either the fixed disk 
(if present) drive BIOS or to INT 40h for diskette drive BIOS. 


ROM ACTION: Upon entry, control is transferred to one of eleven routines based on the 
function code in register AH. 


Function Summary 


AH Function 
00h Reset Disk System 
Olh Read Status of Last Operation 
02h Read Sectors 
03h Write Sectors 
w~ 04h Verify Sectors 
O5h Format Track 
08h Read Drive Parameters 
15h Get Type of Drive 
16h Read Disk Change Line Status 
17h Set Drive Type for Format 
18h Set Media Type for Format 


INT 15h, AH = 90h is called when the diskette drive BIOS is waiting for completion of 
a command. 
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INT 13h, AH = 00h - Reset Diskette Drive System 
INT 13h, AH = OOh resets the diskette drive system. 


Oh 


INPUT: AH = 0 
DL = Drive Select (0..1) 






AH MITT TAT | AL 


BXESLTLLLLLLLLLLLLLLL TTT TTT 
OS 


DHISSISTITLTLLLTTTT DRIVE 









DL 





OUTPUT: If CF = 0, AH = 00h (successful completion) 
If CF = 1, AH = Status, Operation Error 
AH STATUS LLITTLTTTTTT TTT | AL 





BX 
CX 
DX 


FILTTTTTTTT TTT 
LTLTTLTLTLTLTT TT ATTA AAA AAT TT TT 
STTTTTTTTTT TTT TT TTT 






The Reset Diskette Drive System function call is usually performed after a read, 
write, verify, or format error before retrying the operation. 


USE: An applications program may use INT 13h to access the fixed disk or diskette 
drives directly. If a fixed disk drive is installed, direct accesses to the 
diskette drives can be made using INT 40h. 
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INT 13h, AH = Oth - Sense Status of Last Operation 
INT 13h, AH = Olh returns the status of the last disk operation. 


INPUT: AH = Olh 
DL = Drive Select (0..1) 


TITITITATATATTT 


LELELTLLTLTTTL TLL TTT 
FELTTTLLTTTT LTT TTT LATTA TT 
LLLLTTTTTT TTT TTT DRIVE 


AH 
BX 
CX 
DH 


AL 







DL 





OUTPUT: If CF = 0, 
CF = 1, AL 


00h (successful completion) 
Status, Operation Error 










STATUS 
SITTLETTT TTT TLL TTT TAT LT 
SLLTTTTTTT TTT TTA TTT TTT TTT 


| 


AL 
BX 
CX 
DX 
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INT 13h, AH = 02h - Read Sectors 


INT 13h, AH = O2h reads the specified number of sectors into the buffer pointed to 
by ES:BX. 


INPUT: AH = 02h 
AL = Sector Count - Number of sectors to be read by this operation 
ES:BX = Buffer Transfer Address 
CH = Track (0..39 for 48-TPI media or 0..79 for 96-TPI media) 
CL = Starting Sector (1..9 for 48-TPI media or 1..15 for 96-TPI media) 
DH = Head Select (0..1) 
DL = Drive Select (0..1) 


AH SECTOR COUNT 






AL 





BX BUFFER OFFSET 
CH TRACK START SECTOR | CL 
DHL HEAD DRIVE | OL 





ES BUFFER SEGMENT 


OUTPUT: If CF = 0, AH = O0h (successful operation) 
If CF = 1, AH = Status, Operation Error 


SII 


STTTTTTTTT TTT TTA TAA ATTA TT 
STTTTTTTTTTT TTT ATT AT 
FTTTTTTTTTTTT TATA AAA TT 


AH 
BX 
CX 
DX 


AL 






The maximum sector count is dependent upon the media type installed. The maximum 
sector count for 48-TPI media is 18 sectors (9 sectors from head 0, and 9 sectors 
from head 1) and for 96-TPI media, 30 sectors (15 sectors from head 0 and 15 sectors 
from head 1). 


The diskette drive parameter table (pointed to by INT 1Eh) must reflect the type of 
media installed for correct operation (that is, sectors/track in the diskette drive 
parameter table must be 9 for 48-TPI media and 15 for 96-TPI media). Responsibility 
for the contents of the diskette drive parameter table lies with the user of INT 13h. 


a a TT Er eee 
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a INT 13h, AH = 03h - Write Sectors 


INT 13h, AH = 03h writes the specified number of sectors onto the diskette using the 
data pointed to by ES:BX. 


INPUT: AH = 03h 
AL = Sector Count - Number of sectors to be written by this operation 
ES:BX = Buffer Transfer Address 
CH = Track (0..39 for 48-TPI media or 0..79 for 96-TPI media) 
CL = Starting Sector (1..9 for 48-TPI media or 1..15 for 96-TPI media) 
DH = Head Select (0..1) 
DL = Drive Select (0..1) 


AL 


AH SECTOR COUNT 


BX BUFFER OFFSET 


CH TRACK START SECTOR 
DH|____—HEAD | CORIVE 


Ca 
ES BUFFER SEGMENT 


OUTPUT: If CF 
If CF = 1 


MII ITT 


FILTLLLTTT TALL T TTT TTA LT 
SLLTLTLTTTTT TATTLE TTT. 
FILTTLLLTLTTT TTT ATTA TTT TTA TTA 






CL 
DL 


il 
© 
> 
aL: 

I 


= 00h (successful completion) 
Status, Operation Error 


> 
ak 
il 


AH 
BX 
CX 
DX 


AL 






The maximum sector count is dependent upon the media type installed. The maximum 
sector count for 48-TPI media is 18 sectors (9 sectors from head 0, and 9 sectors 
from head 1) and for 96-TPI media, 30 sectors (15 sectors from head 0 and 15 sectors 
from head 1). 


The diskette drive parameter table (pointed to by INT 1Eh) must reflect the type of 

media installed for correct operation (that is, sectors/track in the diskette drive 

parameter table must be 9 for 48-TPI media and 15 for 96-TPI media). Responsibility 
for the diskette drive parameter table lies with the user of INT 13h. 








COMPAQ DESKPRO 386/25 Personal Computer 


UA 
if 4-118 Software Aspects and BIOS 


INT 13h, AH = 04h - Verify Sectors 


INT 13h, AH = 04h verifies the specified sectors on the diskette. Sector verification 
checks the sector ID and data for CRC errors. 


INPUT: AH = 04h 
AL = Sector Count - Number of sectors to be verified by this operation 
CH = Track (0..39 for 48-TPI media or 0..79 for 96-TPI media) 
CL = Starting Sector (1..9 for 48-TPI media or 1..15 for 96-TPI media) 
DH = Head Select (0..1) 
DL = Drive Select (0..1) 






AL 


AH SECTOR COUNT 
BXESSSLLLTLTLTTTTLT TTT TTT TT 
CH START SECTOR 

DHL HEAD —s|CORIVE 


OUTPUT: If CF = 0, AH = 00h (successful completion) 
If CF = 1, AH = Status, Operation Error 


MII 


SLTTLTTLATT TTA AAA TATA TT 
STLETTTTTTT TLL TTT TAT AAA TT 
FTLTTLTLLLLL TLL TTT TAT 







CL 
DL 





AH 
BX 
CX 
DX 


AL 






The maximum sector count is dependent upon the media type installed. The maximum 
sector count for 48-TPI media is 18 sectors (9 sectors from Head 0, and 9 sectors 
from Head 1) and for 96-TPI media, 30 sectors (15 sectors from Head 0 and 15 sectors 
from Head 1). 


The diskette drive parameter table (pointed to by INT 1Eh) must reflect the type of 
media installed for correct operation (that is, sectors/track in the diskette drive 
parameter table must be 9 for 48-TPI media and 15 for 96-TPI media). Responsibility 
for the diskette drive parameter table lies with the user of INT 13h. 
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INT 13h, AH = 05h - Format Track 


INT 13h, AH = 05h writes the sector and track ID information onto the 
specified tracks. 


INPUT: AH = O5h 
ES:BX = Address of format table 
CH = Track (0..39 for 48-TPI media or 0..79 for 96-TPI media) 
DH = Head Select (0..1) 
DL = Drive Select (0..1) 






AH] OSHS SISSSIITIITTL\ AL 
BX OFFSET OF FORMAT TABLE 

CH] TRACK I SSSSSSISIIIITIT | CL 
DH| HEAD | ORIVE DL 





ES SEGMENT OF FORMAT TABLE 


The diskette drive parameter table (pointed to by INT 1Eh) must reflect the type of 

media installed for correct operation (that is, sectors/track in the diskette drive 

parameter table must be 9 for 48-TPI media and 15 for 96-TPI media). Responsibility 
for the diskette drive parameter table lies with the user of INT 13h. 
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A track format table is required for formatting a diskette. Provide values as listed 
in the following example. 


Track Format Table: 


Offset Value 

+00h Track 

+01h Head 

+02h Sector ID for first sector 

+03h N = bytes per sector, diskette controller chip parameter 
+04h Track 

+05h Head 

+06h Sector ID for second sector 

+07h N = bytes per sector, diskette controller chip parameter 





OUTPUT: If CF 
If CF = 


il 
io) 
> 
— 


= 00h (successful completion) 
= Status, Operation Error 


MII 


PTTTTTTLTTTTT TATA AA AAA TT 
FTTTTTTTTTLT TLL T TTA 
FTTTTTTTTT TTT TTT TAA TAA TT 


{ 
p= 
> 
a 

{ 





AH 
BX 
CX 
DX 


AL 






Before formatting a diskette, execute INT 13h, AH = 17h or AH = 18h to set the media 
type for format. 


a a NN a Te ee 
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INT 13h, AH = 08h - Read Drive Parameters 


INT 13h, AH = O8h returns the diskette drive parameters for the drive selected. 


INPUT: AH = O8h 
DL = Drive Select (0..1) 


AH MITT 


BXUSTLLLTLLLLTTTT TTT TTT TATA TT 
OS 


a DRIVE 


OUTPUT: AX = 00h 
BH = 00h 
BL = <3..0> - Valid drive type value in CMOS 
CH = Low-order 8 bits of (10-bit) maximum number of tracks 
CL = </..6> - High-order 2 bits of maximum number of tracks 
<5..3> - Maximum number of sectors per track 
DH = Maximum head number 
DL = Number of diskette drives installed 
ES:DI = Pointer to Diskette Parameter Table 


AL 






DL 





The drive type contained in the CMOS configuration memory value as well as the maximum 
number of tracks allowed for the specified drive are returned. The number of sectors 
per track, the maximum number of heads, and a pointer to the correct diskette 
parameter table are also given. 


If input is bad (invalid input or drive type unknown or bad CMOS configurtion memory): 


AX = 0000h 

BX = 0000h 

CX = 0000h 

DH = 00h 

DL = Number of diskette drives installed 


NOTE: The values given reflect the capacity of the diskette drive; they do not 
represent characteristics of the media installed. 
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AH LITT 
BH 


AL 
BL 





CH}MAX. # OF TRACKS} # SEC./TRACK | CL 
DH} MAX. HEAD # DRIVES DL 





DI DISKETTE TABLE OFFSET 
ES DISKETTE TABLE SEGMENT 


INT 13h, AH = 15h - Get Drive Type 


INT 13h, AH = 15h returns the drive type for the specified drive. 


15h 
Drive Select 


INPUT: AH 
DL 


AIT 


STTTTTATATAT ATTA TTT ATT TT 
STTTTLTTTTLLL TLL ATT TT AA LT 





AH 
BX 
CX 


AL 






DHIS/SSS/SSIISTITT TS DRIVE DL 
OUTPUT: If CF = 0, AH = Type of Drive 

If CF = 1, Bad Command (Invalid Drive) 
AH SIIITITTTLTTATT) AL 





BX 
CX 
DX 


SLLLLLTTATTTTT TTT TTT TTT AAT 
SITTLLLLTATTTT TT TT TAT TTT ATTA 
STTTTTTTTTTT TTT TTT TAT ATT 






The following table lists the AH values for drive types: 


Olh Diskette drive without DISKETTE CHANGE- signal 
02h Diskette drive with DISKETTE CHANGE- signal 


AH Meaning 
00h Drive not installed 
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INT 13h, AH = 16h - Get Drive DISKETTE CHANGE- Signal Status 


INT 13h, AH = 16h returns the status of the DISKETTE CHANGE- signal from the specified 
diskette drive. 


INPUT: AH = 16h 
DL = Drive Select (0..1) 


MII 


STTTTTTT TTL ATT 
ITTTTTLTT LTT TAT TT ATT 


SITTTTTTTTT ATT DRIVE 


AH 
BX 
CX 
DH 


AL 







DL 





QUTPUT: If CF = 0, AH = 00h, DISKETTE CHANGE- signal inactive (door has not 
been opened) 
If CF = 1, AH = Olh, Bad command (invalid drive) 
If CF = 1, AH = 06h, DISKETTE CHANGE- signal active (door has been opened) 


AH AL 





SITTIN 


FLLTELLLTTTTTTT TTT TTT TT 
STLTLTTTTTLT ATTA TATA LT. 
LLLLTTTLTTTTTTT TTT ATTA ATTA TT 
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INT 13h, AH = 17h - Set Drive Type for Format 


INT 13h, AH = 17h specifies the type of media drive currently in the diskette drive 
position (0 or 1). This function is used by the Format command to set the type of 
media installed. 


INPUT: AH 
AL 


17h 

Drive Type 

Olh - double-density drive 

O2h - 48-TPI media in high-capacity drive 
O3h - 96-TPI media in high-capacity drive 
04h - 135-TPI media in high-capacity drive 
DL = Drive Select (0..1) 


TYPE 


FLLTTLLTTTTTAT TTA ATT TTA AAT 
SILTTTLLL TATA TAA AAT 


STTTTTTTL TTT TT TT DRIVE 


OUTPUT: If CF = 
If CF = 1, AH 





AH 
BX 
CX 
DH 


AL 






DL 





00h, (successful completion) 
Olh, Bad Command (invalid drive) 


SII 


STTTTTTTTT TTT ATA ATA TTT 
FITTTTTLLTTTLT AAT TTT TTT AAA TT 
FITTTTTTTT TTT LL LLL TAT 





AH 
BX 
CX 
DX 


AL 






Before formatting a diskette, this function may be called to set the diskette type 
for format. 


COMPAQ DESKPRO 386/25 Personal Computer 


Technical Reference Guide 4-125 








INT 13h, AH = 18h - Set Media Type for Format 


INT 13h, AH = 18h sets up the parameters of the media currently installed in the 
diskette drive position (0 or 1). This function can be used instead of function 17h, 
Set Drive Type for Format, to set up the needed parameters for the Format Track 
command (function 05h). 


INPUT: AH = 18h 
CH = Low-order 8 bits of (10-bit) maximum number of tracks 
CL = <7..6> - High-order 2 bits of maximum number of tracks 
DL = Drive select (00h. .01lh) 


AH MITT 






AL 


BXESSSSLSLTTTLLTT TTT T TTT TTT TTT 
CH|MAX. # OF TRACKS| # SEC./TRACK | CL 


LITTTTTTT TTT TT 


DH DRIVE DL 





ee UG 


ESTLLLLTLTTLLTL TLL LLL TTA TAT T 


Before formatting a diskette, this function may be called to set the media type 
for format. 


OUTPUT: If CF = 0, AH = 00h, (successful completion} 
ES:DI = pointer to Diskette Drive Parameter Table 
1, AH = Olh, Bad Command (function not available) 


AH SITTIN 


If CF 








AL 


BXYSSSTLTTLLTLLTLTTL LTT LTT TTT TT TT 
CH|MAX. # OF TRACKS| # SEC./TRACK | CL 





IILTTLLTTT TTT ATT 


DI DISKETTE TABLE OFFSET 
ES DISKETTE TABLE SEGMENT 


DH DRIVE DL 
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INT 1Eh - PTR - Diskette Drive Parameter Table Vector 


The vector for this interrupt points to a diskette drive parameter table used to 
program the diskette drive controller chip. Refer to either the diskette controller 
chip or Intel 8272 disk controller specification for more information. The diskette 
drive parameter table is organized as follows: 


There are six diskette parameter tables (DPT) stored in this driver, one for each 
of the possible media/drive combinations. Table 4-21 lists the diskette 
drive parameters. 


Table 4-21. Diskette Drive Parameter Table (all values in hexadecimal ) 


Configuration (see table below) 
Description of DPT Byte 1 2 3 4 5 6 


Step rate/Head unload DFh DFh DFh DFh DFh AFh 
Head load time/DMA mode 02h 02h 02h 02h 02h 02h 


Motor off time 25h 25h 25h 25h 25h 25h 
Sector size (Diskette 


Controller Chip) 02h 02h 02h 02h 02h 02h 
sectors per track 09h 09h OFh O9h 09h 12h 
Gap length, read/write 2Ah 2Ah 1Bh 2Ah 2Ah 1Bh 
Data transfer length FFh FFh FFh FFh FFh FFh 


Gap length, format 50h 50h 54h 50h 50h 6Ch 
Fill character, format F6h F6h F6h F6h F6h F6h 


Head settle time OFh OFh OFh OFh OFh OFh 
Motor settle time O8h 08h O8h O8h O8h O8h 
Maximum track value 27h 27h 4Fh 4Fh 4Fh 4Fh 
Data transfer rate 80h 40h 00h 80h 80h 80h 











Configurations Description 

1 360-KB diskette in 360-KB drive (5.25") 
? 360-KB diskette in 1.2-MB drive (5.25") 
3 1.2-MB diskette in 1.2-MB drive (5.25") 


> 


720-KB diskette in 720-KB drive (3.5") 
720-KB diskette in 1.44-MB drive (3.5") 
1.44-MB diskette in 1.44-MB drive (3.5') 


Or 





so) 





ES Rc 


a a er 
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INT 40h - SW - Diskette Drive I/O 


Calls to INT 13h for diskette drive operations (as determined by the Drive value in 
register DL) are vectored to INT 40h for actual diskette drive BIOS processing only 
if a fixed disk drive is installed. If a fixed disk drive is not installed, INT 40h 
points to an interrupt return. Therefore, INT 40h behaves identically to INT 13h 
when used for diskette drive operations. Refer to INT 13h for information on all 
INT 40h functions. 


ROM ENTRY: Points to an interrupt return if fixed disk drive is not installed. 
Otherwise, it points to diskette drive interrupt handler. 


ROM ACTION: On entry, control is transferred to one of eleven diskette routines based 
on the function code in AH. 


USE: An application program may use INT 40h to directly access the diskette drives 
(if a fixed disk drive is installed). 


Table 4-22 lists the diskette drive error codes. 


Table 4-22. Diskette Drive Error Codes 


Error Code Meaning 

00h successful Completion 

Olh Bad Command 

02h Address Mark Not Found 

O3h Write Protected Media 

04h Requested Sector Not Found 

O6h DISKETTE CHANGE- Signal Active 
O8h DMA Overrun on Operation 

OSh DMA Attempted Across 64K Boundary 
10h Bad CRC on Diskette Read 

20h Controller Has Failed 

40h seek Operation Failed 

80h Drive Failed to Respond 


eR age a Ie I I I I I IC TE II DE TI IIOP TIE I IT I IT TE LET aT TIDE LDL ALI IIL EE IATL LLL LEO EEE LE LE ILE EIA LARA 
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4.11 PRINTER INTERRUPTS 


The printer BIOS provides a simplified interface to the parallel printer ports. 
Functions are provided for initializing a printer, printing characters, and reading 
the printer status. 


Printer BIOS operation is not interrupt driven; however, a Device Wait interrupt 
(INT 15h, AH = 90h, AL = FEh) is supported internally and is executed if the 
printer is not ready when the Print Character function is called. Printer 
interrupt IRQ5 (INT ODh) and IRQ7 (INT OFh) are available for system software. 


During power-on, the BIOS searches for parallel printer interfaces at three, 
standard port locations (3BCh, 378h, and 278h). When an interface is found, the 
BIOS places the printer port base address in BIOS memory, beginning at 0040:0008. 
Therefore, when programming a printer port, the recommended practice is to use the 
address extracted from the table in BIOS memory instead of a hardcoded address. 


In addition to being directly callable by applications software, the Print Screen 
function (INT 05h) is invoked by the keyboard BIOS when the PRINT SCREEN key is 
pressed on an enhanced keyboard. INT 05h repeatedly invokes INT 17h for each 
character. Characters in every position on the screen are sent to the printer 
without suppressing trailing blanks. A flag in BIOS RAM at location 0040:0100 
contains the print screen status. 


Printer BIOS provides a time-out function whose length is programmable by the user. 
A 4-byte table in BIOS memory beginning at 0040:0078 is reserved for setting the 
timeout values for each parallel printer port. These timeout values are 
initialized to 20 during power-on, and may be set from 1 to 255. Each increment 

1S approximately 1 second. 


Table 4-23 lists the BIOS printer interrupts. 


Table 4-23. Printer Interrupts 


Interrupts Available Type Function 

INT 05h SW Print Screen 

INT ODh HW IRQS, Printer, Secondary 
INT OFh HW IRQ/7, Printer, Primary 
INT 17h SW Printer I/0 
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When the system encounters one of these printer interrupts, it jumps to the address 
pointed to by the vector for that interrupt. 


Table 4-24 lists the memory locations where these vectors reside. 


Table 4-24. Memory Locations Used by Printer Interrupts 


Memory Location Bytes Function 

0000:0014 4 INT 05h Vector 

0000:0034 4 INT ODh Vector 

0000:003C 4 INT OFh Vector 

0000: 005C 4 INT 17h Vector 

0040:0008 2 Base Address of Printer Port 0 
0040:000A 2 Base Address of Printer Port 1 
0040: 000C 2 Base Address of Printer Port 2 
0040: 000E 2 Base Address of Printer Port 3 
0040:0078 l Time-out for Printer Port 0 
0040:0079 l Time-out for Printer Port 1 
0040:007A 1 Time-out for Printer Port 2 
0040:007B 1 Time-out for Printer Port 3 
0040:0100 l Print Screen Status 


EL LOL CD OT NL A LE LO AS I AS TT A AN: EE ET ee I SO A RE A A ANTS NS RR Ge 





INT 05h - SW - Print Screen CPU - Bound Exceeded 


INT 05h is initiated by executing an INT 05h instruction (for Print Screen). 


This is done by pressing the PRINT SCREEN key. 


This interrupt is also used by 


the CPU to generate a fault when the limits specified in the BOUND instruction 
are exceeded. 


ROM ENTRY: 


ROM ACTION: 


Points to ROM Print Screen handler 
Interrupt routine is called by the ROM keyboard handler when the PRINT 


SCREEN key on the enhanced keyboard is pressed. INT 05h uses INT 10h 
to read the screen and INT 17h to send characters to the printer. 
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When INT 05h is called, the current cursor position is saved. The cursor position 
is restored when the printing is complete. Address 0040:0100 contains the status 
of the Print Screen operation; 00h = Print Screen Not in Operation (or successful 
completion of a print screen call); Olh = Print Screen is in Progress. A value of 
FFh is returned if a time-out is detected. If the printer is offline or is not 
ready, the Print Screen function will time-out in 20 seconds. 


If another Print Screen call is attempted while a Print Screen is in progress, it 
is ignored. Trailing spaces are not compressed. All registers are preserved. 
INT 05h runs with interrupts enabled. 


INPUT: None 

OUTPUT: 0040:0100 = Status of Print Screen 

USE: An application program may use it to request a hardcopy of the display. This 
vector is normally changed for enhanced screen functions such as handling 
graphics screens, special printers, and redirecting output to files. 

A replacement INT 05h handler can determine the source of the interrupt by 

examining the 2 bytes previous to the instruction pointed to by the return address 


on the stack. If the bytes are CDh, 05h, then the source of the interrupt is an 
INT O5h. 


The Print Screen function conforms to the printer time-out variables the same as to 
the Print function. 
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INT ODh - HW - IRQS, Printer, Secondary 
- CPU - General Protection 


INT ODh is not used in this system. INT ODh is not processed by the BIOS other 
than to return control to the calling program. 


ROM ENTRY: Points to an interrupt return 
ROM ACTION: None 

INPUT: None 

OUTPUT: None 


USE: The vector for this interrupt may be changed to intercept printer character 
interrupts for special real-time operating system requirements, such as 
print spooling. 


e This interrupt is also used by the CPU to generate General Protection exceptions in 
the PROTECTED Mode. 


INT OFh - HW - IRQ/7, Printer, Primary 


INT OFh is not used in this system. INT OFh is not processed by the BIOS other 
than to return control to the calling program. 


ROM ENTRY: Points to an interrupt return 

ROM ACTION: None 

INPUT: None 

OUTPUT: None 

USE: The vector for this interrupt may be changed to intercept printer character 


interrupts for special real-time operating system requirements, such as 
print spooling. 
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INT 17h - SW - Printer I/O 


INT 17h is called to perform all functions related to Printer I/O. 

ROM ENTRY: Points to Printer I/0 ROM entry point 

ROM ACTION: On entry, control is transferred to one of three routines based on the 
function code in register AH. Illegal function codes cause control to 
simply return. All registers except those returning a value 


are preserved. 


USE: An application program may use INT 17h to make requests directly to 
the printer. 


Function summary 


AH Action 

00h Print Character 
Olh Initialize 

02h Get Status 


Interrupts remain enabled. 
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INT 17h, AH = 00h - Print Character 
INT 17h, AH = 00h writes the specified character to the printer. 


INPUT: AH = OOh 
AL = Character to be printed (00h. .FFh) 
DX = Printer Port Number (0. .3) 


AH CHARACTER 


BXYSLLTLTLLLLL TLL TTT TATA 
OS 
DX PRINTER PORT NUMBER 






AL 










OUTPUT: AH = Status 


MII 


A 
FTTTTTTTTTTL TTT TTT TTT AAT TT 
FTTTTTTTTT TTT TTT ATT TAA 





AH AL 
BX 
CX 


DX 






BIT 
76543210 


| ~ Time-out 

Not Used 
1/0 Error 
Selected 
Out of Paper 
Acknowledge 
Ready 


The return status for some typical operations is given below: 


Status: AH 
AH 


10h, from normal operation 
OOh, Printer port not installed 
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Some printers return with bit <3> = 1 when off-line. 


INT 15h, AH = 90h, device wait, is performed when the Print Character function is 


called but the printer is not ready. 


INT 17h, AH = Oth - Initialize Printer 


INT 17h, AH = Olh initializes the printer, then polls the printer for the printer 
status and places the printer status in the AL register. 


INPUT: DX = Printer Port Number (0. .3) 


AH Olh LITTTTTTTT TT TTT | OAL 
BXYSILLLLLTLLLTTLT TTT TTT LT 

8 

DX PRINTER PORT NUMBER 





OUTPUT: AH = Status 


LIVI 


FTLTTTTTAT TTT TTT AAT TT 
STTTTTTTTTT TTT TATA TTT. 
STTTTTTTTT ATTA AAA TAAL 





AH 
BX 
CX 
DX 


AL 






BIT 
76543210 


| | L— Time-out 

Not Used 
1/0 Error 
Selected 
Out of Paper 
Acknow] edge 


Ready 
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INT 17h, AH = 02h - Get Printer Status 


INT 17h, AH = O2h polls the printer for the printer status and places this value in 
the AL register. 


INPUT: DX = Printer Port Number (0..3) 


LT 


LTLTLLLTTTTTATAT TTL TL TTT 
LELTLLLTTTTT TATA TAA 
PRINTER PORT NUMBER 


AH AL 
BX 
CX 


DX 






OUTPUT: AH = Status 


aT, 


FILTTLTLTTLL LLL L TTT 
FLTLTTLLLLLLTLT TTT TT 
PITTLLLLLTTTTT ATTA AAA TT 





AH AL 
BX 
CX 


DX 






BIT 
76543210 
L_. Time-out 
Not Used 
I/O Error 
Selected 


Out of Paper 
Acknowledge 


Ready 
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Typical return statuses are listed below: 


AH Description 

00h Off-line 

02h Printer port not installed 

O8h Power off, cable on 

30h Cable off 

90h Read status after print 

BBh Port Init (no printer port installed) 


some printers return with bit <3> = 1 when off-line. 


4.12 ASYNCHRONOUS 


COMMUNICATIONS 
INTERRUPTS 


The interrupts for asynchronous communications provide a simplified interface to 
the asynchronous ports. Functions are provided for initializing an asynchronous 
port, transmitting characters, receiving characters, and reading status. 


Asynchronous communications are not hardware interrupt driven. There are two 
device-oriented interrupts IRQ4 (INT OCh) for the primary port and IRQ3 (INT OBh) 
for the secondary port. 


During power-on, the BIOS searches for asynchronous communication ports at two 
standard port locations (3F8h and 2F8h). When a serial port is found, its base 
address is placed in the BIOS memory, beginning at 0040:0000. Therefore, when 
programming a serial port, the recommended practice is to use the address extracted 
from the table in BIOS memory instead of a hardcoded address. 


The BIOS provides a serial-port timeout function whose length is programmable by 
the user. A 4-byte table in BIOS memory beginning at 0040:007C is reserved for 
setting the timeout values for each serial port. These timeout values are 
initialized to 1 during power-on, and may be set to a maximum of 255. Each 
increment is approximately 900 ms. 
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Table 4-25 lists the BIOS Asynchronous Communications Interrupts. 


Table 4-25. Asynchronous Communications Interrupts 


Interrupts Available Type Function 

INT OBh HW IRQ3, COM2, Secondary 

INT OCh HW IRQ4, COM1, Primary 

INT 14h SW Asynchronous Communications 
NOTE: COM1 uses IRQ4 


COM2 uses IRQ3 


When the system encounters one of these asynchronous communications interrupts, it 
jumps to the address pointed to by the vector for that interrupt. Table 4-26 lists 


the memory locations where these vectors reside. 


Table 4-26. Memory Locations Used by Asynchronous Communications Interrupts 


Memory Location Bytes Function 

0000:002C 4 INT OBh Vector 

0000:0030 4 INT OCh Vector 

0000:0050 4 INT 14h Vector 

0040:0000 2 Base Address of Comm Port 0 
0040:0002 2 Base Address of Comm Port 1 
0040: 0004 2 Base Address of Comm Port 2 
0040:0006 2 Base Address of Comm Port 3 
0040:0071 l Break Bit 

0040:00/7C 1 Time-out for Comm Port 0 
0040:007D 1 Time-out for Comm Port 1 
0040: 007E l Time-out for Comm Port 2 
0040: 007F l Time-out for Comm Port 3 
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INT OBh - HW - IRQ3, Comm, Secondary 
- CPU - Segment Not Present 


A hardware interrupt (IRQ3) initiates INT OBh. 


INT OBh is not processed by the BIOS other than to return control to the 
calling program. 


ROM ENTRY: Points to an interrupt return 
ROM ACTION: None 

INPUT: None 

OUTPUT: None 


USE: The vector for this interrupt can be changed to intercept interrupts from an 
optional secondary communications interface. 


This interrupt is also used by the CPU to generate Segment Not Present faults. 


aa NN NR a er ee RRR eee 
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INT OCh - HW - IRQ4, Comm, Primary 
- CPU - Stack Segment Overflow 


A hardware interrupt (IRQ4) initiates INT OCh. 


INT OCh is not processed by the BIOS other than to return control to the 
calling program. 


ROM ENTRY: Points to an interrupt return 
ROM ACTION: None 

INPUT: None 

OUTPUT: None 


USE: The vector for this interrupt can be changed to intercept interrupts from an 
optional primary communications interface. 


This interrupt is also used by the CPU to generate Stack Segment Overflow faults. 
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INT 14h - SW - Communications 1/O 


INT 14h is called to perform all functions related to I/0 on the RS-232-C 
serial ports. 


ROM ENTRY: Points to Communications I/0 ROM entry point 


ROM ACTION: On entry, control is transferred to one of four routines based on the 
function code in register AH. Illegal function codes cause control to 
simply return. All registers except those returning a value 
are preserved. 


USE: An application program may use INT 14h to directly perform I/O functions on 
the RS-232-C serial ports. 


Function Summary 


AH Action 

00h Initialize Port 
Olh Transmit Character 
02h Receive Character 
O3h Sense Status 


Interrupts remain enabled. The interrupt mask for the communication interrupts 
and the control port for the asynchronous serial communications interrupts are 
not affected. 
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INT 14h, AH = 00h - Initialize Port 


INT 14h, AH = OOh specifies the word length, number of stop bits, type of parity, 
and baud rates for the specified port. 


Even though the BIOS supports four communication ports, the power-on initialization 
only searches for port 0 and port 1. To use port 2 and port 3, the user must 
install the base addresses of the communication port in memory locations 0040:0004 
and 0040:0006. The following diagram describes the required steps for Port 
Configuration (AL). 


INPUT: AH = QOh 
AL - Port Configuration 
DX = Communications Port Select (0..3) 


AH CONFIGURATION 


BXESLLTLLLLTLLLTTTLT TAT TTT TT TT 
CXYSSLLLLTTT TTL LL TLL TT 
DX PORT SELECT 





AL 








BIT 
76543210 

Word Length 
10 = 7 Bits 
11 = 8 Bits 

stop Bits 
0 = 1 Bit 
1 = 2 Bits 

Parity 
00 = None 
O1 = Odd 
10 = None 
11 = Even 

Baud Rate 
000 = 110 Baud’ 100 = 1200 Baud 
001 = 150 Baud’ 101 = 2400 Baud 
010 = 300 Baud 110 = 4800 Baud 
O11 = 600 Baud 111 = 9600 Baud 


OUTPUT: None 


en mem a a er eee 
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INT 14h, AH = Oth - Transmit Character 


INT 14h, AH = Olh outputs a character to the specified serial communication port. 


INPUT: AH = Olh 
AL = Character to be transmitted (00h. .FFh) 
DX = Communications Port Select (0..3) 


AH CHARACTER 


BXESTLLTLLLLTTT TTT TAA TT 
CXESTLLLTTLTLTT TTT TATA TTT 
DX PORT SELECT 





OUTPUT: AH = Line Status See Sense Communications Status, INT 14h, AH = 03h, 
for definition. 


LINE STATUS CHARACTER 


SITTLTTTTLTTT ATTA TTT TT TT LT 
SETTLTTTTTAT TTT TTT TT TTT TTT 
FLTLTTTTTLT TTT TATA AAT 





AH 
BX 
CX 
DX 


AL 
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INT 14h, AH = O2h - Receive Character 


INT 14h, AH = 02h reads the specified serial port receiver buffer and places the 
character value and UART status in the output registers. 


02h 
Communications Port Select (0..3) 


AH IIIT 


BXISLLLLTLLLLLTTLT LLL TTT TTT TT 


INPUT: AH 
DX 






AL 









CXESSSILLTTTTTLTTLT TTT TTT TTT 
DX PORT SELECT 
OUTPUT: AH = Line Status. See Sense Comm Status for definition. 
AL = Character Received, if no error 
= 00h, if error 
AH LINE STATUS CHARACTER AL 





BX 
CX 
DX 


FILLTLTLLLTLT TATA TTT TATA TTT TT 
PTTTTTLTTTLL TTT AAA AAT ATT 
PTLTTTTTTTTT TLL T TTT LTA TTT 






INT 14h, AH = 03h - Sense Communications Status 


INT 14n, AH = 03h reads the specified serial port modem and line status registers 
and places these values in the output registers. 


INPUT: AH = 03h 
DX = Communications Port Select (0..3) 


AH MITT 


39 
CXLLLLTLLLLLTTLLT LLL TTA TTL TT 
DX PORT SELECT 


AL 
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OUTPUT: AH 
AL 





BIT 
76543210 


ia 


l 
1 
1 
1 
1 
1 
l 


BIT 
76543210 


ir 


p> ff p> PD pt pope 


LINE STATUS MODEM STATUS 


STLTLLTTTT TTT TATA AAA ATT 


FLTTTLTLLLTTT LTT TTT AAA TT 


SLLLLLLLLLLLL LTA TT 
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Line Status 
Modem Status 





RX Data Ready 

RX Overrun Error 

RX Parity Error 

RX Framing Error 

RX Break Detect 

TX Holding Register Empty 
TX Shift Register Empty 
Time-out 





Delta Clear-To-Send 

Delta Data-Set-Ready 
Trailing Edge Ring Indicator 
Delta RX Line Signal Detect 
Clear-To-Send 
Data-Set-Ready 

Ring Indicator 

RX Line Signal Detect 
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INT 14h, AH = 04h - Alternate Initialize Port 


INPUT: AL = Break 






OOh = No Break 
Olh = Break 
BH = Parity 
00h = None 
Olh = Odd 
O2h = Even 
O3h = Stick parity odd 
04h = Stick parity even 
BL = Stop Bits 
00h = 1 bit 
Olh = 2 bits if word length is 6, 7, or 8 bits; 
1 1/2 bits if word length is 5 bits; 
CH = Word Length 
00h = 5 bits 
Olh = 6 bits 
02h = 7 bits 
03h = 8 bits 
CL = Baud Rate 
OOh = 110 Baud 
Olh = 150 Baud 
02h = 300 Baud 
03h = 600 Baud 
04h = 1200 Baud 
05h = 2400 Baud 
O6h = 4800 Baud 
O7h = 9600 Baud 
O8h = 19200 Baud 
DX = Communications Port Select (0...3) 
AH BREAK AL 


BH 
CH 


BL 
CL 


PARITY STOP BITS 
WORD LENGTH BAUD RATE 














DX PORT SELECT 
OUTPUT: AH = Line Status 
AL = Modem Status See Sense Communication Status for definition. 
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INT 14h, AH = 05h, AL = 00h - Read Modem Control Register 


INPUT: AH = O5h 

AL = 00h 

DX = Communication Port Select (0...3) 
AM] 05h] HT 


BXYSLLLLLLT LLL LLL TTT TAT. 
CXYLSLLTLTTTTTTT TTT TT TTT TTT TATE LT 
DX PORT SELECT 





OUTPUT: BL = Modem Control Register 






AXL/LLLLLLTTTTLTTT TTT TTT TTT TTT 






BHI////////1///////) MODEM CONTROL | BL 
CXELLLTTLLTLLLTTT TTT LTT TT. 


DXESTLLTTTTTTLLTTTT TTA TT 





BIT 
76543210 
| {_. DTR Active 
RT 
l 


Output 1 Active 
1 = Output 2 Active 
1 = Local Loopback 
Reserved 
Reserved 
Reserved 


R 
S Active 
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INT 14h, AH = 05h, AL = Oth - Write Modem Control Register 






INPUT: AH = O5h 

AL = Olh 

BL = Modem Control Register 
AH AL 
BHI ////////////////| MODEM CONTROL | BL 






FTTTTTTTTT ATT TATA TTT 
FITTTTTTLTAT LTT ATLL TATA AAT TT TT 








BIT 
76543210 


E 


OUTPUT: AL = Line Status 
AH = Modem Status 
see Sense Communication Status for definition. 


MODEM STATUS LINE STATUS 


FITTTLLTLLLLLT LATA ATT TTT TTT TTT 
SLTTLLLTTTTTT TTT TTT TATA 
FLLTTLLLLTTTTT TLL TTL 


Assert - DIR 

Assert - RTS 

Assert - Output 1 

Assert - Output 2 

Assert Local] Loopback 
Reserved, should always be 0 
Reserved, should always be 0 
Reserved, should always be 0 


— —_2 -—— > | | | Pw 





AH 
BX 
CX 
DX 


AL 
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4.13 KEYBOARD 
INTERRUPTS 


The BIOS generally controls all interactions with the keyboard. However, the 
interrupts and memory locations used for the keyboard make it very easy to change 
the keyboard functions. 


SYS REQ Key 


The SYS REQ key is a special-case key. It is neither encoded, nor is anything 
placed in the keyboard queue when it is pressed. The SYS REQ key does not interact 
with any other key ana is not repeating. An application must trap INT 15h in order 
to make use of the SYS REQ key. 


Pressing the SYS REQ key invokes INT 15h with AH = 85h, AL = OOh (SYS REQ Make). 
Releasing the SYS REQ key invokes INT 15h with AH = 85h, AL = Olh (SYS REQ Break). 


RAM location 0040:0018 stores the SYS REQ key status. If bit <2> in the status 
byte at 0040:0018 is set, this means that the SYS REQ key is currently held down. 
The bit is cleared when the SYS REQ key is released. 


Keyboard Indicators 
The BIOS normally controls the state of the keyboard light-emitting-diode (LED) 
indicators. It automatically changes the state of the LED indicators to reflect 


the current status of CAPS LOCK, NUM LOCK, and SCROLL LOCK keyboard functions. 


All communications to the keyboard occurs through ports 060h and 064h of the 8042 
Keyboard Controller. 
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To change the keyboard LED state, use the IN and OUT instructions of the 80386 to: 


= Read port 064h to determine the input/output status of the 8042, making sure the 
input buffer is empty 


= Write the disable keyboard command (ADh) to port 064h to disable the keyboard 
interface; read the scan code from port 060h 


= Wait until the 8042 input buffer is empty; output EDh to the keyboard assembly 
using port 060h; wait until an ACK is received from port O060h 


= When the 8042 input buffer is empty, write the LED data byte; wait until the 
second ACK byte is received; when the 8042 buffer is empty, write the enable 
keyboard (AEh) command to the 8042 to re-enable the keyboard interface 


A RAM variable at 0040:0096 is used in conjunction with the enhanced keyboard for 
state information. 


The format of RAM location 0040:0096 (byte) is defined below: 


BIT 
76543210 


| 1 = Last code was Elh 
1 = Last code was EQh 
Right CTRL key down 
Right ALT key down 
1 = Enhanced keyboard installed 
1 = If enhanced keyboard installed, force NUM LOCK 
Last character received was ID byte | 


Read ID command in progress 


-— -— 
i i 


A RAM variable at 0040:0097 reflects the state of the keyboard LED indicators. 


The LED indicators are controlled by the keyboard BIOS through the use of commands 
issued to the 8042 keyboard controller. 
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The information in 0040:0097 is compared with the mode bits in 0040:0017 to 
determine whether the LED indicators are up to date. 


The format of RAM location 0040:0097 (byte) is defined below: 


BIT 
76543210 
SCROLL LOCK LED on 


Ie 


NUM LOCK LED on 


p= 
il 


CAPS LOCK LED on 

0 (not used) 

1 = ACK reply received 

0 (not used) 

1 = 8042 command in progress 


0 (not used) 


The status of the LEDs are checked: 
= Each time a keyboard hardware interrupt occurs 
m When the Get Key function is invoked (INT 16h, AH = 00h or AH = 10h) 


= When the Check For Key Available function is invoked 
(INT 16h, AH = Olh or AH = 1Ilh) 


The ability to vary keyclick loudness is a BIOS feature unique to COMPAQ personal 
computers. Two RAM locations are associated with the keyclick. 


Address Bytes Contents 
0040:0015 l Previous Scan Code 
0040: 0016 l Keyclick Loudness (0..127) 
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Miscellaneous BIOS 
Keyboard Information 


Immediately after placing a key in the keyboard queue, INT 15h is called with 
AH = 91h, AL = 02h. (See Device Wait and Device Post under INT 15h functions. ) 


Keys and key combinations that do not cause anything to be placed in the keyboard 
queue (such as simply pressing the CAPS LOCK key and releasing it) do not cause a 
Device Post. Pause (CTRL - NUM LOCK) does not perform either a Device Wait or a 
Device Post. 


Decimal keyboard codes may be entered by holding down the ALT key, entering the 
number on the numeric keypad, then releasing the ALT key. This feature works 
regardless of the state of the NUM LOCK key. For example, to enter the pi 
character, hold down the ALT key, type 227 on the numeric keypad, and then release 
the ALT key. The Get Key function (INT 16h, AH = OOh or AH = 10h) executes a 
Device Wait (INT 15h, AH = 90h, AL = 02h) if a keycode is not currently available 
in the keyboard queue. 


The following key combinations do not place scan codes in the keyboard 
type-ahead buffer: 


= Increase keyclick loudness (CTRL + ALT + Numeric Keypad ‘+') 
= Decrease keyclick loudness (CTRL + ALT + Numeric Keypad "-") 
= Internal/External display select (CTRL + ALT + > and CTRL + ALT + <) 


= Toggle underlining on current display (CTRL + ALT + _ (underscore)) 
For receive time-out errors, parity errors, and overrun errors, the 8042 places a 
scan code of FFh in its output buffer. The system beeps once when it receives the 


FFh from the keyboard. 


For transmit time-out errors, the 8042 places a scan code of FEh in its 
output buffer. 


Interrupts remain enabled and execution is suspended if CTRL + NUM LOCK is input. 
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Table 4-27 lists the BIOS keyboard interrupts. 


Table 4-27. Keyboard Interrupts 


Interrupts Available Type Function 

INT O9h HW IRQ1, Keyboard Interrupt 
INT 16h SW Keyboard 1/0 

INT 1Bh SW CTRL-BREAK Service 


When the system encounters one of these keyboard interrupts, it jumps to the 
address pointed to by the vector for that interrupt. 


Table 4-28 lists the memory locations where these vectors reside. 


Table 4-28. Memory Locations Used by Keyboard Interrupts 


Memory Location Bytes Function 
0000:0024 4 INT 09h Vector 
0000:0058 4 INT 16h Vector 
0000: 0066 4 INT 1Bh Vector 
0040:0015 l Previous Scan Code 
0040:0016 l Keyclick Loudness 
0040:0017 2 Keyboard Bit Status 
0040:0019 1 Accumulator for Alt Key Input 
0040:001A 2 Pointer to Keyboard Buffer Head 
0040:001C 2 Pointer to Keyboard Buffer Tail 
0040: 001E 32 Keyboard Type-ahead Buffer 

(16 entries} 
0040:0071 l Break Bit 
0040:0080 2 Keyboard Buffer Begin 
0040:0082 2 Keyboard Buffer End 
0040:0096 l Enhanced Shift Status 
0040:0097 l Keyboard LED Flags 
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INT O9h - HW - IRQ1, Keyboard Interrupt CPU - 80387 segment Overrun 


INT O9h occurs each time a keyboard key is pressed or released. 


INT O9h normally handles the keyboard hardware interrupts from IRQ1. INT O9h is 
not used for coprocessor Segment Overrun exceptions. Care should be taken to align 
coprocessor memory operands so that they fit within a segment. 


Operating system software running in the Protected mode can readily relocate 
hardware interrupts IRQO through IRQ7 to another block of eight interrupt vectors 
to avoid conflict with the CPU interrupt. (See INT 15h, AH = 89h.) 


ROM ENTRY: Points to ROM Keyboard Interrupt handler 

ROM ACTION: The interrupt routine reads the key from the 8042 keyboard registers, 
encodes the key or takes special action if required, notifies the 8042 
that the key has been read, clears the 8259A Interrupt Controller, and 
loads the encoded key into the keyboard buffer. 


USE: The vector for this interrupt can be changed to select a user-supplied 
keyboard handler. 
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INT 16h - SW - Keyboard 1/O 
INT 16h is called to perform all functions related to keyboard I/O. 
ROM ENTRY: Points to Keyboard I/0 ROM entry point 


ROM ACTION: On entry, control is transferred to one of 11 routines based on the 
function code in register AH. Illegal function codes cause control to 
simply return. All registers except those returning a value are 
preserved. Interrupts remain enabled. 


USE: An application program may use INT 16h to. perform keyboard I/O directly. 


Function Summary 

AH Action 

00h Get Key 

Olh Check for Key Available 

02h Read Shift Status 

O3h Set Repeat Key Rate and Delay 

O5h Place Scan Code/Character in Type-Ahead Buffer 
10h Get Enhanced Key from Type-Ahead Buffer 

Lih Check for Enhanced Key from Type-Ahead Buffer 
12h Get Enhanced Key Status 

FOh set CPU Speed 

Filh Read Current CPU Speed 

F2h Determine Attached Keyboard 
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INT 16h, AH = 00h - Get Key 


This function reads a scan code/character pair from the keyboard BIOS type-ahead 
buffer and returns it to the calling program. If no key is available in the 
type-ahead buffer, this function waits until a key is pressed before returning 
control to the program performing the function. To avoid waiting for a key, use 
the function AH = Olh to check if any characters exist in the type-ahead buffer 
before attempting to get them using the AH = 00h function. 


INPUT: AH = OOh 


AH MITT 


BXYSLLLLLLTTTTLTTT TLL TATA TTT 
CXELLLLLLLLTTTTTLLLTTT TTL TT TT 


DXESSLLLTLTLTLTLLLTLTT TTT LTT LTT 


OUTPUT: AH = Scan Code 
AL = Character 


SCAN CODE CHARACTER 


FELTTTTLTTTTAT TLL TTA TT 
SLLTLTTLTLLTTTT ALTA 
FILTTLLLTTTTT TLL T LTA TATA 


AL 










AH 
BX 
CX 
DX 


AL 
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INT 16h, AH = Oth - Check For Key Available 


This function should be performed to determine if any key scan codes are present in 


the keyboard BIOS type-ahead buffer. If a scan code/character is present, it is 
not removed from the type-ahead buffer. 


INPUT: AH = Olh 


SII 
LITT 
Ls 

LITT 


AH 
BX 
CX 
DX 


AL 







OUTPUT: ZF = Result 

1 - no keys available 

QO - AH = Scan Code, and AL = Character 
Scan Code 


Character 


AH 
AL 


SCAN CODE CHARACTER 


FILTTTTLTTTT TTT AAT AAT TT 
PTTTTTTTTTTT TTT TATA ATTA TTT 
FILETTLTTTT ATTA TTT ATT AAA 





AH 
BX 
CX 
DX 


AL 






The character is not removed from the keyboard type-ahead buffer. 
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INT 16h, AH = 02h - Read SHIFT Status 
INT 16h, AH = O2h returns the SHIFT status byte. 


INPUT: AH = 02h 


MITTS TT 


PTTTLLLLLLLLLT LAAT TTT TTT TTT. 
FTTTTTTTT TTA TATA TAA TTT. 
SLLLTLLLTTTT ATTA TAT LTA ATTA TT 


AH 
BX 
CX 
DX 


AL 







OUTPUT: AL = Shift Codes 


LITIITITTIITTI/ 1) SHIFT CODES 


LLLTLLLLLT LTT TTT AAA TTT 
SILTTLLLTTTTT TTD TATA TL. 
STLTTLTLLTTT TTT TAT TAA TTT TTT TT 





AH 
BX 
CX 
DX 


AL 









BIT 
76543210 = Key Held Down: 
L— 1 = Right Shift 


1 = Left Shift 
1 = CTRL 
1 = ALT 


Mode in Effect: 
1 = SCROLL LOCK 


1 = NUM LOCK 
1 = CAPS LOCK 
1 = Insert 


ee er ree erence ———————————————————————————————————————————=e 
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INT 16h, AH = 03h - Set Repeat Key Rate and Delay 


This function sets the repeat key rate and delay for all repeat keys on the 
keyboard. The delay value placed in BH should not exceed 3. The repeat rate value 
in BL should not exceed 31 (decimal). If these values are beyond their allowed 
limits, the repeat rate and delay are not set. 


INPUT: AH = 03h (default) 
AL = 05h 
BH = repeat delay (1..3) 
BL = repeat rate (1..3) 











At 05h AL 
BH| REPEAT DELAY REPEAT RATE | BL 


CX 
DX 


FILELLLTTTT TTT TTT TT 
FTLTTLTTT TATA TTA ATT 


OUTPUT: None, flags are unaffected. 


NOTE: Refer to Chapter 5, “Keyboard,” for further information. 


emu mm Ne nt 
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INT 16h, AH = 05h - Place Scan Code and Character in Type-Ahead Buffer 


This function places the scan code and character specified in CH and CL in the 
keyboard BIOS type-ahead buffer. 


INPUT: AH = O5h 
CH = Scan code 
CL = Character 


AH SII TAT 


BXYSLLLLTLLLLTTTTT TTT ATT TAT TT 


CH| SCAN CODE CHARACTER 


DXPSTTLLLTTTTTT LTT T LLL TTT ATT TTT TTT 






AL 






CL 





OUTPUT: AL = 00h, CF = 0 if scan code and character were placed in 
type-ahead buffer. 

Olh, CF = 1 if type-ahead buffer is full, and the scan code and 
character could not be placed in the type-ahead buffer. 


STLTLTLTTT TTT TT STATUS 


FLTLTLTLTLLL TTL L LTT TT 
FTLTTLELLTTTT TTT ATLL TT 
PITTTTTTTTTT TTT T TTT TTT TTT TT 


AL 





AH 
BX 
CX 
DX 


AL 






a 
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INT 16h, AH = 10h - Get Enhanced Key From Type-Ahead Buffer 


This function reads a scan code/character pair from the keyboard BIOS type-ahead 
buffer. If no key is available in the type-ahead buffer, this function waits until 
a key is pressed before returning control to the program performing the function. 
To avoid waiting for a key, use function AH = 1llh to check if any characters exist 
in the type-ahead buffer before attempting to get them using the AH = 10h function. 


This function should be used instead of function AH = 00h if the enhanced keyboard 
is used in Mode 2. This will allow applications to obtain the scan codes for the 
additional keys in the enhanced keyboard. These keys include Fll, F12, and the 
keys in the cursor control cluster. See Chapter 5, "Keyboard, for scan codes 
generated by the enhanced keyboard. 


INPUT: AH = 10h 


AH MITT 


BXISSLLLLTLLTTTT TT TT TT TT TTT AAA TT 
CXESTLTTLLTLLTT TTT TTT TTA TTT 
OO 


AL 







OUTPUT: AH 
AL 


Scan code 
Character 


SCAN CODE CHARACTER 


FTTTTTTTTTLT TATTLE 
FTTTTTTTTTTT TTT TATA TAT ATT 
FTTTTTTTTTAT TLL L LATTA TAT 





AH 
BX 
CX 
DX 


AL 
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INT 16h, AH = 11h - Check for Enhanced Key in Type-Ahead Buffer 


This function should be performed to determine if any key scan codes are present in 
the keyboard BIOS type-ahead buffer. If a scan code/character is present, it is 
not removed from the type-ahead buffer. This function should be used instead of 
function AH = 0lh if the enhanced keyboard is used in Mode 2. This function allows 
applications to obtain via the BIOS the scan codes for the additional keys in the 
enhanced keyboard. These keys include Fll, F12, and the keys in the cursor control 
cluster. See Chapter 5, “Keyboard, for the scan codes generated by the 

enhanced keyboard. 


INPUT: AH = 11h 


LITT 


PTTTTTTTTTT ATTA AAT AAA 
PTTTTTTTTTTT TTT TTA TATA TTT 
FITTTTTTTTT TTT TTA TTA TAT 





AH 
BX 
CX 
DX 


AL 






OUTPUT: If ZF 
If ZF 
AL 


1, then there are no scan codes in the type-ahead buffer 
0, then AH = first scan code present in the type-ahead buffer, and 
first character present in type-ahead buffer 
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INT 16h, AH = 12h - Get Enhanced Key Status 


This function returns the status of several enhanced keyboard functions and keys. 
This function should be used instead of function AH = 02h when using the enhanced 
keyboard in Mode 2. In Mode 2, this function allows applications to obtain the 
status of the additional ALT and CTRL keys of the enhanced keyboard. 


INPUT: AH = 12h 


MII 


LLLLLLTTTAT TTT TT TTT TTT 
LILLTTTTTTTATT TATA TTT TT TTT 
LLLLTTTTTL TLL TATA TATA TT TTT 





AH AL 
BX 
CX 


DX 






OUTPUT: 


STATUS 2 












AK AL 
BX 
CX 


DX 








BIT 
76543210 
L_ 1 = Left CTRL key is held down 

1 = Left ALT key is held down 
1 = Right CTRL key is held down 
1 = Right ALT key is held down 
0 = Reserved 

BIT 


76543210 
| Right Shift key is held down 

Left Shift key is held down 

CTRL key (left and/or right) held down 
ALT key (left and/or right) held down 
SCROLL LOCK mode in effect 
NUM LOCK mode in effect 
CAPS LOCK key pressed 
INSERT key pressed 


p> effete ppt pe 
lew unm t Ww tm ow 
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INT 16h, AH = FOh - Set System Speed 


INT 16h, AH = FOh changes the value of the 8042 output port to specify the current 
CPU speed. 


INPUT: AH = FOh 
AL = 00h; Sets speed to the equivalent of an 80286-based system at 6 MHz 

(COMMON speed) 

= Olh; Sets speed to the equivalent of an 80286-based system at 8 MHz 
(FAST speed) 

= 02h; Sets speed to HIGHest possible 

= 08h; Sets speed to switch between the 80286 8-MHz equivalent speed and 
25-MHz 80386 speed during copy protection diskette operations (AUTO) 

= 09h; Sets system speed (for 80386 only) to a value between 1 and 50 
decimal. A value of 1 is the slowest speed possible, and 50 
approximates the 25-MHz speed of the 80386. 


AH| — -FOh_——é‘dL«SCOséSSPEEED CODE 
BXYSSLSLLTLLLLLTLLT LTT TTT TAT TTT 
CX SPEED VALUE 


DXESLLLLTLTTTTL TLL TTT TATA ATT 






AL 







CX contains the speed value only when AL contains O9h. 


OUTPUT: None 


4-163 
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INT 16h, AH = Fih - Read Current System Speed 


INT 16h, AH = Flh returns the current system speed. 


INPUT: AH = Flh 


Ta 


FITTTTTTTTAT TATA TTT TAA TT 
SILTTLTTTTTTT TTT TT AAA TT 
LLLLLTTTLTLTTT TTT TTT ATTA LT 





AH 
BX 
CX 
DX 


AL 






OUTPUT: AL = Speed Code (00h, Olh, 02h, 08h, 09h) 







AHI/SI/I/TITIT/T//) ~~ SPEED CODE | AL 
BXYSSSSLLTLLLLLLTLTLT TTT TTT TT 
CX SPEED VALUE 
DXVSSSLSLLLLLLLLTLT LTT STAT TT TT 
AL = 00h if system speed is set to COMMON 6-MHz 80286 speed equivalent 

= QOlh if system speed is set to FAST 8-MHz 80286 speed equivalent 

= 02h if system speed is set to HIGHest possible 

= 08h if system speed is set to AUTO 

= 09h if system speed has been set by BIOS function AH = FOh, AL = O9h 
CX = Speed Value (02h. .35h) 
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INT 16h, AH = F2h - Determine Attached Keyboard 


INT 16h, AH = F2h determines whether a 9- or 11-bit keyboard is in use. 


INPUT: AH = F2h 


SLIT 


PITLTTTTTTTT TATA TATA ATT 
PILELTLTTTTTT ATTA TAA AAT 


PLLETTTT TTT TAA ATT 


OUTPUT: AL = 00h if 11-bit keyboard in use (standard) 
= Olh if 9-bit keyboard in use 


IITTTTLTTLTT TTL) KEYBOARD TYPE 


FIPETTLTLTA TTT TATA AAT 
PITELTTT TTT TTL TTA AAT AAA TAT 
PTETLTTTTTT TTT ATTA TATA TAT 





AK AL 






DX 








AH 
BX 
CX 
DX 


AL 






INT 1Bh - SW - CTRL-BREAK Service 


INT 1Bh is called from the ROM when the CTRL - BREAK keys are pressed 
Simultaneously INT 1Bh is provided to allow DOS and user programs a way to 
exit a program. 


INT 1Bh is not processed by the BIOS other than to return control to the 
calling program. 


ROM ENTRY: Points to an interrupt return 
ROM ACTION: None 
USE: The vector for this interrupt is normally used by the operating system. It 


can be changed to point to a user-supplied routine that will be executed when 
the CTRL-BREAK interrupt occurs. 
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4.14 FIXED DISK 
DRIVE INTERRUPTS 


The fixed disk BIOS supports two fixed disk drives, Drive 1 (80h) and Drive 2 (81h). 
Use INT 13h, AH = 08h to determine their individual capacities, or use the parameter 
table pointed to by INT 41h and INT 46h. Do not use the fixed disk drive types stored 
in the CMOS configuration memory to determine the capacities. 


The fixed disk Wait and Post functions are supported via INT 15h. The fixed disk Wait 
function call is AH = 90h with AL = 00h. The function call for Post is AH = 91h with 
AL = 00h. Wait is performed to wait for a fixed disk drive interrupt. Post is 
performed when the fixed disk drive interrupt occurs. 


If an error occurs on a fixed disk drive operation, reset (INT 13h, AH = 00h or ODh) 
the fixed disk drive system before retrying the operation. The fixed disk drive 
controller will perform internal retries before returning an error. 

To format a fixed disk drive with more than 8 heads, recalibrate (INT 13h, AH = 11h) 
head 0, then format heads 0 though 7. Next, recalibrate head 8 and format heads 8 
through 15. 


Table 4-29 lists the BIOS fixed disk drive interrupts. 


Table 4-29. Fixed Disk Drive Interrupts 


Interrupts Available Type Function 

INT 13h SW Fixed Disk I/0 

INT 41h PTR Fixed Disk Drive 1 Parameter Table 
INT 46h PTR Fixed Disk Drive 2 Parameter Table 
INT 76h HW IRQ14, Fixed Disk Drive Interrupt 


When the system encounters one of these fixed disk drive interrupts, it jumps to the 
address pointed to by the vector for that interrupt. Table 4-30 lists the memory 
locations where these vectors reside. 
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— Table 4-30. Memory Locations Used by Fixed Disk Drive Interrupts 
Memory Location Bytes Function 
0000: 004C 4 INT 13h Vector 
0000:0104 4 INT 41h Vector 
0000:0118 4 INT 46h Vector 
0000:01D8 4 INT 76h Vector 
0040:0074 l Fixed Disk Drive Status (see Table 4-32) 
0040:0075 1 Number of Fixed Disk Drives 
0040:0076 2 Reserved 
0040: 008C 1 Additional fixed disk status 
0040:008D l Fixed disk error status 
0040: 008E l Fixed disk interrupt flag 


INT 13h - SW - Fixed Disk Drive I/O 


INT 13h is called to perform all functions related to fixed disk drive I/O. 
: ROM ENTRY: Points to Fixed Disk Drive I/0 ROM entry point 
ROM ACTION: Upon entry, control is transferred to one of 16 routines based on the 
function code in the AH register. I]llegal function codes cause the 


routine to report a Bad Command error and return. 


USE: An application program may use INT 13h to access the fixed disk drive directly. 





(oS eee Se ee Te Te Tee eee ee ee a I ET I IT TT EI I ET I LE IEE IE TE OTT TT EEE EIT ELEC CT A 
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Table 4-31 lists the functions that can be returned in the AH register. 


Table 4-31. Fixed Disk Drive Functions 


AH Function 

Function Summar 

00h Reset Disk System 

Olh Read Status of Last Operation 
02h Read Sectors 

03h Write Sectors 

04h Verify Sectors 

05h Format Track 

08h Get Current Drive Parameters 
09h Initialize Drive Parameters 
OAh Read Long 

OBh Write Long 

OCh seek Cylinder 

ODh Alternate Disk Reset 

10h Test Drive Ready 

lih Recalibrate Drive 

14h Controller Diagnostic 

15h Read Drive Type 





Table 4-32 lists the descriptions for the codes returned in the AH register 
for the various interrupts. 


Table 4-32. Fixed Disk Drive Status Code Descriptions 


Status Code Status 

OOh Successful Completion 

Olh Bad Command 

02h Address Mark Not Found 

04h Requested Sector Not Found 

O5h Reset Failed 

07h Drive Parameter Activity Failed 

O9h Transfer Attempted Across 64K Boundary 
QOAh Bad Block Flag Detected 


(Continued) 
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Table 4-32. (Continued) 


Status Code Status 

10h Uncorrectable ECC Data Error 
lih ECC Correctable Data Error 
20h Controller Has Failed 

40h seek Operation Failed 

80h Drive Failed to Respond 

AAh Drive Not Ready 

BBh Undefined Error Occurred 

CCh Write Fault Active 

FFh sense Operation Failed 


INT 13h, AH = OOh - Reset Fixed Disk Drive System 


INT 13h, AH = OOh resets the fixed disk drive system and parameters and diskette 
subsystem. If two fixed disk drives are present, then the parameters for both fixed 
disk drives are set. 


00h 
Drive Select (80h. .81h) 


INPUT: AH 
DL 


AH SII 


BRESLLLLLLTLTTTTLT TTL LLL LATTA TT 
OS CTE 


DHISSSLLLTTTTT TTT DRIVE 


OUTPUT: If CF = 0, AH = 00h (successful completion) 
If CF = 1, AH = 05h (reset failed) 


MITT 


FTTTTTTTTTTTT TTT TATA AAA AAT 
FLLTTLLTLTTLTLLLL LLL L TTT 
FTTTTTTTTTTT TTT TTT AT 


AL 










DL 








AH 
BX 
CX 
DX 


AL 






Reset should be done after a read, write, verify, or format error before retrying 
the operation. 
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INT 13h, AH = Oth - Sense Status of Last Operation 
INT 13h, AH = Olh returns the status of the last fixed disk drive operation. 


INPUT: AH 
DL 


LIMIT 


SILTTLTTLTTTATTT TTT TTT TATA 
SLLTLLTLLTLTTT TTT TTT ATTA 


SITTTLLTLT TTT TT DRIVE 


OUTPUT: AH = OOh 
AL = Status of last operation 


Olh 
Drive Select (80h. .81lh) 


AH 
BX 
CX 
DH 


AL 






DL 





The carry flag is reset if the last operation was in error. 





AH 
BX 
CX 
DX 


AL 





00h] STATUS 

MMA 
(MANNA 
MATL 
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INT 13h, AH = O2h - Read Sectors 


INT 13h, AH = O2h reads the specified number of sectors into the buffer pointed 
to by ES:BX. 


INPUT: AH = O2h 
AL = Sector Count - Number of sectors to be read 
ES:BX = Buffer Address 
CH = Bits </..0> of starting cylinder 
CL = Bits </7..6> are bits <9..8> of starting cylinder 
= Bits <5..0> are the starting sector 
DH = Starting Head 
DL = Drive (80h. .81h) 







AH SECTOR COUNT | AL 
BX BUFFER OFFSET 

CH CYL/SECTOR | CL 
DH DRIVE DL 





ES BUFFER SEGMENT 


OUTPUT: If CF 
AL 
If CF 


0, AH = 00h (successful completion) 
Drive Status Byte 
1, AH = Status, Operation Error 


OP STATUS DRIVE STATUS 


STLELTTTTTTT TTT LTT TTT TTT ATTA TT 
FILTTLTTTT ATLL TTA AAT TT 
FELLTLLLTTTTT TLL L LLL TTT TT TT 





AH 
BX 
CX 
DX 


AL 






The maximum number of sectors that can be read is 128 (80h) if the transfer address 
starts on a paragraph boundary; otherwise, 127 sectors are the maximum. 


Note that a sector count of 00h implies 256 sectors and generates an AH = O9h error 
from INT 13h. 
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INT 13h, AH = 03h - Write Sectors 


INT 13h, AH = 03h writes the specified number of sectors using the data from the 
buffer pointed to by ES:BX. 


INPUT: AH = 03h 
AL = Sector Count - Sectors to be written by this operation 
ES:BX = Buffer Address 
CH = Bits </7..0> of starting cylinder 
CL = Bits <7..6> are bits <9..8> of starting cylinder 
Bits <5..0> are the starting sector 
DH = Starting Head 
DL = Drive Select (80h. .81h) 






AH SECTOR COUNT | AL 
BX BUFFER OFFSET 

CH] CYLINDER | CYL/SECTOR | CL 
DH| HEAD —s«i|{_—cDRIVE DL 





ES BUFFER SEGMENT 


OUTPUT: If CF = 
If CF = 1, AH 


>) 
> 
a 


= 00h (successful completion) 
Status, Operation Error 


AIIIITTIITTT 


STTLTLLLTLLLTTT TTT ATT TT 
PTTTTTTTTTTT TTT TTT ATTA 
FTTTTTTTTTAT TTT AAT ATTA 





AK 
BX 
CX 
DX 


AL 






The maximum number of sectors that can be written is 128 (80h) if the transfer address 
starts on a paragraph boundary; otherwise, 127 (7Fh) sectors are the maximum. 


Note that a sector count of 00h implies 256 sectors, and generates an AH = 09h error 
from INT 13h. 
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INT 13h, AH = 04h - Verify Sectors 


INT 13h, AH = 04h verifies sectors on the fixed disk. Sector verification checks the 
sector ID and other format information for ECC errors and data integrity. 


INPUT: AH = 04h 
AL = Sector Count 
CH = Bits </7..0> of Starting Cylinder 
CL = Bits <7..6> are bits <9..8> of Starting Cylinder 
Bits <5..0> are Starting Sector 
DH = Starting Head 
DL = Drive Select (80h. .81h) 







AH SECTOR COUNT | AL 
BXESTISLLLLTLLTLLTT TTT TTT TTT TT 

CH CYL/SECTOR | CL 
DH DRIVE DL 





OUTPUT: If CF = 0, AH = 00h (successful completion) 
If CF = 1, AH = Status, Operation Error 


AIITIITTLTTTTT 


PELLLLLTLLTT TTT TTA ATT 
PLLTLLLTLLTT TTT TTL TAT AAT ATT 
PLETTLTTTTTL TATA AAT AAT 


AH 
BX 
CX 
DX 


AL 
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INT 13h, AH = O5h - Format Track 


INT 13h, AH = 05h writes the sector and track ID information onto the 
tracks specified. 






INPUT: AH = O5h 

AL = Track Format Table 

ES:BX = Track Interleave Table Address 
CH = Bits <7..0> of cylinder 
CL = Bits <7..6> are bits <9..8> of cylinder 
Bits <5..0> are not used 

DH = Head 

DL = Drive Select (80h. .81h) 
AH TRAK FORMAT TBL| AL 
BX TABLE OFFSET 
CH CYLINDER CYLINDER CL 
DH HEAD DRIVE DL 





ES TABLE SEGMENT 


OUTPUT: If CF = 0, AH = 00h (successful completion) 
If CF = 1, AH = Status, Operation Error 


MITT 


LLLLLTTLLLTLT LLL TT 
LLLTTLLTLTTTTT TT AAA TTT TT TTT 
SLLLLLTTTTTT TTT TTT TATA LT. 





AR 
BX 
CX 
DX 


AL 






The format of the Track Interleave Table for a 2:1 interleave and 17 sectors 
is as follows: 


00h, Olh, 00h, OAh, OOh, O2h, 00h, OBh, OOh, O3h, OOh, OCh, OOh, 04h, OOh, ODh, 00h, 
05h, 00h, OEh, OOh, O6h, OOh, OFh, OOh, O7h, OOh, 10h, OOh, O8h, OOh, 11h, OOh, O9h 
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To format a track as bad, the Track Interleave Table for a 2:1 interleave and 17 
sectors is as follows: 


80h, Olh, 80h, OAh, 80h, 02h, 80h, OBh, 80h, 03h, 80h, OCh, 80h, 04h, 80h, ODh, 80h, 
OSh, 80h, OEh, 80h, O6h, 80h, OFh, 80h, 07h, 80h, 10h, BOh, O8h, 80h, 11h, 80h, O9h 


INT 13h, AH = O8h - Get Drive Parameters 


INT 13h, AH = 08h returns the drive parameters for the selected fixed disk drive. 


INPUT: AH 
DL 


O8h 
Drive Select (80h. .81h) 


AH STITT 


BXYSLTILLTLLLTLLLLL TLL L TATA TTT 
CXL LLL TTT 


AL 









DHIS//ISITITTLTTTTS DRIVE DL 
OUTPUT: If CF = 0, AH = 00h (successful completion) 
CH = Bits <7..0> of max value for cylinder 
CL = Bits </..6> are bits <9..8> of cylinder 
Bits <5..0> are the max value for the sector 
DH = Max value for head 
DL = Number of drives (0..2) 
AH 00h LITITITTTTTTT TL AL 






FTTTTTTLTTT LTT AAT TAA AAT 


MAX CYLINDER | MAX CYL/MAX SEC 
MAX HEAD # OF DRIVES 


If CF = 1, AH = Status, operation error. 
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INT 13h, AH = OQh - Initialize Fixed Disk Drive Parameters 


INT 13h, AH = O9h loads the fixed disk drive parameters into the fixed disk 
drive controller. 


INT 41h points to the parameter table for fixed disk drive 1 (Drive Select = 80h). 
INT 46h points to the parameter table for fixed disk drive 2 (Drive Select = 81h). 


INPUT: AH 
DL 


09h 
Drive Select (80h. .81h) 


MMIII TTT 


SITTTTTTTTT TTT TTA TAT TT 
PTTTTTTTTT TTT TATA 
LTLETTTTTT TAT TT DRIVE 


AH 
BX 
CX 
DH 


AL 







DL 





OUTPUT: If CF = 0, AH 
If CF = 


00h (successful completion) 
status, Operation Error 


SII TT 


FILTTTTTTTTATT TTT TATA TT TAA AAA AT 
LLLTTTTLTTTT TTT TTT TTT AAT ATTA TT 
FELELTTTTTTL TATA TTT TAA TTT 





AH 
BX 
CX 
DX 


AL 
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INT 13h, AH = OAh - Read Long 


INT 13h, AH = OAh reads the specified sectors of data, plus the 4 bytes of error 
checking and correcting (ECC) code into the buffer pointed to by ES:BX. 


INPUT: AH = OAh 

AL = Sector Count - Number of sectors to be read 

ES:BX = Buffer Address 
CH = Bits <7..0> of Starting Cylinder 
CL = Bits <7..6> are bits <9..8> of Starting Cylinder Bits <5..0> 

Starting Sector 

DH = Starting Head 
DL = Drive Select (80h. .81h) 







AH SECTOR COUNT | AL 
BX BUFFER OFFSET 

CH} CYLINDER | CYL/SECTOR CL 
DH| HEAD ‘| ‘DRIVE DL 





ES BUFFER SEGMENT 


OUTPUT: If CF = 00h (successful completion) 
If CF = 1, AH = Status, Operation Error 


MITTIN T 


FLLTTTTTTT LTT ATTA TTT TAT TL 
LTTTTTTTTT LTT ATTA TAT TTT 
PTTTTTTTTT LATTA TTA TTT TTT TTT. 


T 
> 
cE 


AH AL 
BX 
CX 


DX 







The maximum number of sectors that can be read is 127 (7Fh). 


Note that a sector count of 00h implies 256 sectors and generates an error from 
INT 13h and returns without doing a read. 


% A sector count of 00h is also a NOP. 


a 


COMPAQ DESKPRO 386/25 Personal Computer 


iy . 
(hia 4-178 software Aspects and BIOS 





INT 13h, AH = OBh - Write Long 





INT 13h, AH = OBh writes the specified number of sectors of data, plus the 4 bytes of 
error checking and correcting (ECC) code. £ES:BX points to the starting address for 
the data to be written. 


INPUT: AH = OBh 

AL = Sector Count - Number of sectors to write 

ES:BX = Buffer Address 
CH = Bits </7..0> of Starting Cylinder 
CL = Bits <7..6> are bits <9..8> of Starting Cylinder Bits <5. .0> 

Starting Sector 

DH = Starting Head 
DL = Drive Select (80h. .81h) 







AH SECTOR COUNT| AL 
BX BUFFER OFFSET 

CH CYL/SECTOR | CL 
DH| HEAD —*+|__—CODRXIVE DL 





ES BUFFER SEGMENT 


OUTPUT: If CF = 0, AH 
If CF = 


IIIT 


STLELTTTTL LTA TTT AAA ATTA 
FLLETTTTTTT TTT TTA TAA TT 
SILTTTTTTTTTT TLL TAT TTA TTT 


00h (successful completion) 
Status, Operation Error 


{ 
— 
> 
BS ta 

i 





AH 
BX 
CX 
DX 


AL 






The maximum number of sectors that can be read is 127 (7Fh). 


Note that a sector count of 00h implies 256 sectors and generates an error from 
INT 13h and returns without doing a write. 


A sector count of 00h is also a NOP. | wa 


mem TT eR rn eee ee 
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INT 13h, AH = OCh - Seek Cylinder 





INT 13h, AH = OCh instructs a fixed disk drive to step the drive head to the 
specified cylinder. 











INPUT: AH = OCh 
CH = Bits </7..0> of Target Cylinder 
CL = Bits </7..6> are bits <9..8> of Target Cylinder Bits <5..0> are not used 
DL = Drive Select (80h. .81h) 

AH} OCH SSSIIIIIIIIITIT | OAL 

BXYSSLLTLILTIILTTTT TT IT STATA TT 

CH| CYLINDER | CYLINDER CL 

al DRIVE DL 





OUTPUT: If CF = 0, AH = OOh (successful completion) 
If CF = 1, AH = Status, Operation Error 
AH} OP STATUS AL 
e LLLTITTTTT TT TT 






BX 
CX 
DX 


FITTLTLTLTLTTTT TTA TATA TAA TT 
FTTTTTTTTTTLLL LLL TTT TT 
SLLTELLLTTTTT TALL TTA TTT TTT TT 
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A 


j 


C, 
dt 


Uf 
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INT 13h, AH = ODh - Alternate Disk Reset 


INT 13h, AH = ODh resets the fixed disk drive controller. This interrupt has the same 
results as INT 13h, AH = 00h except the diskette subsystem is not reset. 


ODh 
Drive Select (80h. .81h) 


INPUT: AH 
DL 


AH LTT 


BXESTLLLTTLLT LLL TATA TATA 
CXELLTTLLLLLTLT TTT LLL TATA TT 





AL 






DHIS///IIIITTTIT TTI DRIVE DL 
OUTPUT: If CF = 0, AH = 00h (successful completion) 
If CF = 1, AH = Status, Operation Error 





AH AL 
BX 
CX 


DX 


MII 


SLTTTLTTTTTT TATA AAA AAT AAA TT 
FITTTTTLTTLL LTT 
PTTTTTTTTTTTT TTA TATA TA ATTA TT 
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INT 13h, AH = 10h - Test DRIVE READY- 


INT 13h, AH = 10h tests the status of the DRIVE READY- signal on the selected 
fixed disk drive. 


INPUT: AH = 10h 
DL = Drive Select (80h. .81h) 


MITT 


FLLTTTTLLTLTTATT TATA AAT TT 
FILTTLLTTTTTTT TTT TTT TTT TT TTT 


SILLTTTTTT TAT LT DRIVE 


OUTPUT: If CF 
If CF 


AH 
BX 
CX 
DH 





AL 






DL 





00h (successful completion), drive ready 
Status, Operation Error, drive not ready 


a, 


STLLLTLLTTLLTT TTT TT 
FILTTTTTLTTTTLT TTT TAA TT 
SLLTTLTTTTTTT TATA ATT 


| | 
© 
> 
mm a 

How 


AH 
BX 
CX 
DX 


AL 
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INT 13h, AH = 11h - Recalibrate Drive 


INT 13h, AH = 1llh instructs the specified fixed disk drive to recalibrate. The 
fixed disk drive recalibrates by positioning the fixed disk drive at track 0. 


INPUT: AH = llh 
DL = Drive Select (80h. .81h) 


a, 


STTTLTLLLTTL TTL 


AH 
BX 


AL 






CXESSTLLLLLTTLTTTLLT TTT TTT TAT TT 

DHIS/SLSLITITITLITT TT DRIVE DL 

OUTPUT: If CF = 0, AH = 00h (successful completion) 
If CF = 1, AH = Status, Operation Error 

AH LL" 





BX 
CX 
DX 


STTTTTTTTT TTT TTT AAT TAT 
FTLTTTTTTTTT TTT TT TATA TT TT 
STTTTTTTTTTT TTT TATA AAA TAT A ATT 
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INT 13h, AH = 14h - Controller Diagnostic 


INT 13h, AH = 14h instructs the fixed disk drive controller to run a 
self-test (diagnostic). 


INPUT: AH = 14h 
DL = Drive Select (80h. .81h) 


LITT ATT 


FLLTLLTLLLLLL TTT ATT TTT TTT TATA 
FTLTTTLLLTLTT TATA 
LILTTTTTT LTT TTT DRIVE 


AH AL 
BX 
CX 


DH 






DL 





00h (successful completion) 


OUTPUT: If CF = 0, AH 
= status, Operation Error 


If CF 


— 

P mad 

a 
Holt 





AH AL 
BX 
CX 


DX 


IIIT 


PTTTTTTTTT TTT TTA ATTA 
FTTTTTTTTTTTT TTT TATA AAA AA TT 
PTLTTTLTLT LTT AAT 
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INT 13h, AH = 15h - Get Type of Drive 


INT 13h, AH = 15h returns a drive-type code for the drive specified. 


INPUT: AH 
DL 


15h 
Drive Select (00h..02h or 80h. .81h) 


AH LITT 


BXYSLTLLTTTTTTTTTT TTT TAT ATT 
CXESTLLLLLLLLLL LLL L TTT TTT TT 
DHISSILLTLTTTTT TTT DRIVE 


AL 







DL 





OUTPUT: AH = Type of Drive 
OOh = Drive not present 
Olh = Diskette without change line 
O2h = Diskette with change line 
O3h = Fixed disk drive 
CX:DX = If drive type = 03h, CX:DX is the capacity of the drive, in 
512-byte sectors. Otherwise, CX:DX are unchanged. 


AL 
FITTTTTTTTTTTTAT TL TATA TT TTT 

CAPACITY IN SECTORS <31..16> 

CAPACITY IN SECTORS <15..0> 


AH 
BX 
CX 
DX 
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Table 4-33 lists the error or status codes returned in the AH register by the 
various interrupts. 


Table 4-33. Fixed Disk Drive Status Codes by AH Function 

AH Error Codes 
Function 00h Olh 02h 04h 05h 07h O9h OAh 10h 11h 20h 40h 80h AAh BBh CCh FFh 
OOh Xx xX x 


© 
p> 
a 
x< 
x< 





© 
RO 
oo 
mK 
x< 
x< 
<< 
x< 
< 
>< 
x< 
x< 
>< 
>< 
*< 
< 
*< 


© 
GO 
si 
x< 
< 
x< 
<< 
< 
>< 
>< 
< 
x 
< 
MS 


= 
> 
x< 
x 
MRM 1K [LX 
x< 
x< 
x< 
< 
*< 
< 
>< 
x 
< 
< 





O5h xX xX x X xX x Xx xX xX xX xX 
O8h Xx xX x 
OSh X xX x 
OAh Xx xX xX xX x x Xx xX xX xX xX 
OBh XxX x xXx xX x x Xx xX xXx xX xX 
OCh x xX Xx -“ xX xX xX xX X 


© 
O 
> Fi 
x< 
x< 
x< 





10h Xx xX Xx xX x 
Lih xX xX Xx xX xX 

14h xX xX 

15h xX xX 
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Table 4-34 (a duplication of Table 4-32 found earlier in this subsection) lists the 
descriptions for the codes returned in the AH register for the various interrupts. 


Table 4-34. Fixed Disk Drive Status Code Descriptions 


AH Meaning 

00h Successful Completion 

Olh Bad Command 

02h Address Mark Not Found 

04h Requested Sector Not Found 

O5h Reset Failed 

07h Drive Parameter Activity Failed 
O9Sh Transfer Attempted Across 64K Boundary 
OAh Bad Block Flag Detected 

10h Uncorrectable ECC Data Error 
lih ECC Corrected Data Error 

20h Controller Has Failed 

40h Seek Operation Failed 

80h Drive Failed To Respond 

AAh Drive Not Ready 

BBh Undefined Error Occurred 

CCh Write Fault Active 

FFh Sense Operation Failed 
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INT 41h - PTR - Fixed Disk Drive 1 Parameter Table 


The vector for INT 41h points to a fixed disk drive parameter table (described 
below) which contains drive-dependent information used to program the fixed disk 
drive controller. 


Parameter Offset 


WRITE PRECOMPENSATION CYLINDER 


Drive Control 



















+00h 
+02h 





76543210 
— ” (Not used) 
= More than 8 heads 
(Not used) 
etre 
= Enabled 
a = Disabled 


a a el 
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INT 46h - PTR - Fixed Disk Drive 2 Parameter Table 


The vector for INT 46h points to a fixed disk drive parameter table (described 
below) that contains drive-dependent information used to program the fixed disk 
drive controller. 














Parameter Offset 
+00h 
+02h 
+03h 
+04h 
+05h 
+07h 
+08h 
+09h 
RESERVED +0Ah 
RESERVED +0Bh 
LANDING ZONE CYLINDER +0Ch 
SECTORS/TRACK +0Eh 
RESERVED +0Fh 








Drive Control 


BIT 
76543210 


L1l 900 (Not used) 
1 = More than 8 heads 


00 (Not used) 





Retries 
00 = Enabled 
11 = Disabled 


The Drive Control byte is 00h for a fixed disk drive with 8 heads or fewer. 
The Drive Control byte is 08h for a fixed disk drive with 9 heads or more. 
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Table 4-35 lists typical values for the fixed disk drive parameter table including 
drive types and formatted capacities. Drive types 33, and 38 are used for the 
110-megabyte, and 300-megabyte drives, respectively. 


Table 4-35. Fixed Disk Drive Parameter Table Values 


Landing 
Pre-comp. Zone 

Drive Max. Cylinder Cylinder Sectors/ Capacity 

Type Cylinders Heads (note 1) (note 2) Track (MB) 
1 (note 3) 306 4 128 305 17 10.65 
2 (note 3) 615 4 128 638 17 21.41 
3 615 6 128 615 17 32.12 
4 1024 8 512 1023 17 71.30 
5 940 6 512 939 17 49.09 
6 (note 3) 697 5 128 696 17 30.33 
7 462 8 256 511 17 32.17 
8 925 5 128 924 17 40.26 
9 900 15 -1 899 17 117.50 
10 980 5 -1 980 17 42.65 
11 925 7 128 924 17 56.36 
12 (note 3) 925 9 128 924 17 72.46 
13 612 8 256 611 17 42.61 
14 980 4 128 980 17 34.12 
15 Reserved - Not for use by end-users 
16 612 4 0 612 17 21.31 
17 980 5 128 980 1/7 42.65 
18 966 6 128 966 17 50.45 
19 1023 8 -1 1023 17 71.23 
20 733 5 256 732 17 31.90 
21 733 7 256 132 17 44.66 
22 524 4 -] 524 40 42.93 
23 924 8 -] 924 17 64.34 

NOTES: 1. A value of -1 means that no write precompensation is used. 


2. These values are not used by the COMPAQ DESKPRO 386/25 system, which 
automatically retracts and locks the heads in a non-data landing zone 
at power-down. 


3. Drive types supported by Compaq. 
(Continued) 
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Table 4-35. (Continued) 


Landing 
Pre-comp. Zone 
Drive Max. Cylinder Cylinder Sectors/ Capacity 
Type Cylinders Heads (note 1) (note 2) Track (MB) 
24 966 14 -1 966 17 117.71 — 
25 (note 3) 966 16 -] 966 17 134.53 
26 1023 14 -1 1023 17 124.66 
27 832 6 -1 832 33 84.34 
28 1222 15 -1 1222 34 319.09 
29 1240 ] -1 1240 34 151.10 
30 615 4 128 615 25 31.49 
31 615 8 128 615 25 62.98 
32 905 9 128 905 25 104.26 
33 (note 3) 832 8 -1 832 33 112.46 
34 966 7 -] 966 34 117.71 
35 (note 3) 966 8 -1 966 34 134.53 
36 966 9 -1 966 34 151.35 
37 966 5 -1 966 34 84.08 
38 (note 3) 611 16 -1 611 63 315.33 
39 1023 11 -] 1023 33 190.13 
40 1023 15 -1 1023 34 267.13 
4] 1630 15 -] 1630 52 650.96 
42 1023 16 -1 1023 63 527.97 
43 805 4 -] 805 26 42.86 
44 805 2 -1 805 26 21.43 
45 (note 3) 748 8 -] 748 33 101.11 
46 748 6 -] 748 33 75.83 
47 (note 3) 966 5 128 966 25 61.82 


NOTES: 1. A value of -1 means that no write precompensation is used. 
2. These values are not used by the COMPAQ DESKPRO 386/25 system, which 
automatically retracts and locks the heads in a non-data landing zone 
at power-down. 


3. Drive types supported by Compaq. 
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The values (such as number of heads and cylinders) for drive types other than those 
supported by Compaq are subject to change. A value in the Write Precompensation 
Cylinder column indicates the beginning cylinder for write precompensation (a 
time-shift of write data bits to help negate an opposite shift induced by the magnetic 
recording process). A value in the Landing Zone Cylinder column indicates the 
factory-set location where the drive parks the head at power-down. However, the 
COMPAQ DESKPRO 386/25 system at power-down automatically retracts the heads and 
relocates and locks them on a non-data landing zone. 


INT 76h - HW - IRQ14, Fixed Disk Drive Interrupt 
INT 76h interrupt occurs at the completion of a fixed disk drive operation. The 
vector for this interrupt points to the entry point of the Fixed Disk Drive 


Operation Complete routine. The source of this interrupt is the fixed disk drive 
controller hardware. 


ROM ENTRY: Points to ROM Fixed Disk Drive Interrupt handler 


ROM ACTION: Calls made to the ROM using INT 13h for fixed disk I/0 are normally 
Suspended internally until INT 76h occurs, signifying completion. 


INPUT: None 
OUTPUT: None 


USE: The vector for this interrupt can be changed to intercept fixed disk I/0 
operations for special real-time operating system requirements. 
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4.15 VIDEO INTERRUPTS 


Information in this section describes the video BIOS functions as contained in the 
COMPAQ DESKPRO 386/25 system ROMs. When a video board containing its own BIOS ROM is 
installed, many of the video functions are extended or replaced. The BIOS technical 
information for each video board option contains specific details. 


The COMPAQ Video Graphics Controller BIOS information is contained in the COMPAQ 
Video Graphics System Technical Reference Guide (Part No. 109189-001). 


The BIOS video interrupts provide access to the video display controller using 
software interrupt INT 10h. Many functions are provided, including: 


= Initializing the display in one of several formats 
= Reading from or writing to the screen memory 


= Scrolling a window on the display 


Two other interrupts, INT 1Dh and INT 1Fh, contain pointers to tables. They are 
provided for altering the CRI controller parameters and providing an extension to 
the graphics mode dot table. 


Two video display controllers are supported: a color/graphics controller that 
uses memory addresses beginning at O0B8000h, and/or a monochrome/text video display 
controller that uses memory addresses beginning at OB0000h. However, BIOS has the 
capability of initializing and supporting only one active display controller at 

a time. 


During power-on, the BIOS checks the configuration memory, and sets bits <5..4> byte 
(0040:0010), to determine the type of display used initially. The initial display 
mode can be either: 1) 40 x 25 color/graphics or 80 x 25 character text mode, or 

2) the monochrome/text display in 80 x 25 character format. 
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Use the Set Video Mode command (INT 10h, AH = 00h) to initialize the video 


w display controller. 
Whether to use BIOS or to directly access the screen memory depends on how much 
software portability or application performance is needed. 
Updating the screen memory of a COMPAQ Video Display Controller or a 
monochrome/text display controller requires no waiting for display retrace or 
screen blanking periods. However, some color/graphics display controllers require 
screen memory to be updated (or read) only when the display is inactive. This 
requirement prevents display ‘snow. from appearing on the screen during access. 
Table 4~36 lists the video interrupts. 
Table 4-36. Video Interrupts 
Interrupts Type Function 
INT 10h SW Video I/0 
INT 1Dh PTR Video Parameter Table 
INT 1Fh PTR Dot Table 

Cy 


When the system encounters one of these video interrupts, it jumps to the address 
pointed to by the vector for that interrupt. Table 4-37 lists the memory locations 
where these vectors reside. 


Table 4-37. Memory Locations Used by Video Interrupts 





Memory Location Bytes Function 

0000:0040 4 INT 10h Vector 

0000:0074 4 INT 1Dh Vector 

0000:00/7C 4 INT 1Fh Vector 

0040:0049 l Current Video Mode 

0040:004A 2 Number of Columns on Screen 

0040:004C 2 Length of Screen Memory (in bytes} 
0040:004E | 2 start of Screen Memory 

0040:0050 16 Cursor Save Area for Each Page (8 entries) 
0040:0060 2 Cursor Mode (start and end scanline) 

0040: 0062 1 Current Page Being Displayed 

0040:0063 2 Base Address of Active Video Interface Board 
0040:0065 1 Current Mode 

0040: 0066 1 Current Color 
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INT 10h - SW - Video I/O 


INT 10h performs all functions related to the video display. 

ROM ENTRY: Points to Video I/0 ROM entry point 

ROM ACTION: On entry, control is transferred to one of 18 routines based on the 
function code in register AH. Illegal function codes cause control to 
return to the calling program. 

USE: An application program can use INT 10h to perform video functions directly. 


Table 4-38 lists the functions that can be returned in the AH register. 


Table 4-38. Video Functions 


AH Action 
Function Summary 
00h Set Video Mode 
Olh set Cursor Type 
02h ~ Set Cursor Position 
03h Read Cursor Position 
04h Read Light Pen Position 
O5h Select Active Display Page 
O6h scroll Active Page Up 
07h scroll Active Page Down 
O8h Read Attribute/Character 
O9h Write Attribute/Character 
OAh Write Character Only 
OBh Set Color Palette 
OCh Write Dot 
ODh Read Dot 
OEh Write TTY 
OFh Read Current Video State 
13h Write String 
BFh Video BIOS Extensions 

AL = 00h Switch to 8 x 8 character cell 


Olh Switch to 9 x 14 character cel] 
04h Set mode - switch delay 


NOTE: The above video BIOS extensions apply for a COMPAQ Video 
Display Controller Board connected to a COMPAQ Dual-Mode Monitor. 
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INT 10h, AH = 00h - Set Video Mode 


INT 10h, AH = 00h loads the video display controller registers with values for the 
specified video mode. 










INPUT: AH = OOh 
AL = Mode (00h. .07h) 

0OOh = 40 x 25 B&W 

Olh = 40 x 25 Color 

02h = 80 x 25 B&W 

03h = 80 x 25 Color (standard) 

04h = 320 x 200 Color 

05h = 320 x 200 B&W 

O6h = 640 x 200 B&W 

07h = 80 x 25 Monochrome (not compatible with COMPAQ monitors) 
AH MODE AL 
BXYSSSSIILLLLITLLTLIT TTT TATA 
CXUSSLLILLLSTLTLTTLTA TTT LATA 
DXISSSTLLLLLTTLLTLLT ILLIA TTT ATT 





OUTPUT: None 


Modes 0 and 1 use 8 x 8 dot-character cells from the character ROM on the video 
display controller. 


Modes 2 and 3 use the 9 x 14 dot-character cells from the character ROM on the 
video display controller. Alternately, the 8 x 8 dot mode can be chosen by 


pressing the CTRL, ALT, and < (less-than) keys simultaneously. 


Modes 4, 5, and 6 display the 8 x 8 dot cell characters using ROM firmware to read 
a look-up table in the system ROM and write the dots on the screen. 


Mode 7 directs video I/0 to an optional monochrome display controller board 
(not available from Compaq). 
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When switching between high-definition (Modes 2 or 3) and any other mode, there is 
a 500-ms delay to allow the COMPAQ Dual-Mode Monitor to change frequencies. This 
delay can be disabled using the command MODE DELAY = OFF from MS-DOS Version 3.2 or 
later, as published by Compaq. It can also be disabled by using INT 10h, AH = BFh, 
AL = 04h - Set Mode - Switch Delay. 


Color burst on the composite-video output is not enabled in black-and-white (B&W) 
modes; otherwise B&W and color operate in an identical manner. 


INT 10h, AH = Oth - Set Cursor Type 


INT 10h, AH = Olh specifies the scan lines used for the cursor. 


INPUT: AH 
CH 
CL 


AK} Oh SASSI ITT 
4 
CH] START LINE # END LINE # 


DXESTLLLLLTTLTT TATA TTT 


Olh 
Start Line Number for Cursor in Bits <4..0> 
End Line Number for Cursor in Bits <4..0> 








AL 


CL 


OUTPUT: None 


NOTE: The Set Cursor Type function takes special action if the current mode is 
02h or 03h (80 x 25) and the high-definition (9 x 14 dot cell) character 
set is in use. 


For 9 x 14-pixel displays, the BIOS code multiplies the incoming start and stop 
lines by 14/8 and rounds the result to the nearest integer to map it to a cell that 
is 14 scan lines high instead of 8. 


EE Ln nnnnn,n nnn TTT SS... 
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The following tabulation lists the adjustment: 


In Out 
(Scan Line) x 8/14 (Returned) 
0 0.00 0 

l 1.75 
2 3.50 4 
3 3.29 5 
4 7.00 ] 
5 8.75 9 
6 10.50 11 
] 12.25 12 
8 (see note) 8 
31 31 


NOTE: When the start or stop line exceeds 7, both values are 
passed unaltered to the CRT controller. 


nr ce a etn 





ee Oe ee ee ee es 


INT 10h, AH = 02h - Set Cursor Position 


INT 10h, AH = 02h places the cursor at the specified screen location. 


INPUT: AH = O2h 
BH = Page Number (0..7) for Modes 0, 1 
(0..3) for Modes 2, 3 
(0) for Modes 4..7 


DH 
DL 


Row (0. .24) 
Column (0..39) for Modes 0, 1 
(0..79) for Modes 2, 3, 7 


AH SPIT 

BH LITT 

4 
ROW 


DH COLUMN 







AL 
BL 


DL 


OUTPUT: None 
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INT 10h, AH = O3h - Read Cursor Position 


INT 10h, AH = 03h returns the current horizontal and vertical position of 
the cursor. 


INPUT: AH 
BH 


03h 

Page Number (0..7) for Modes 0, 1 
(0..3) for Modes 2, 3 
(0) for Modes 4..7 


AH MIIITIITTT 
BH LITT 


OT AL 
DXE/LTLTLLLTLT LTT TTT ATTA TT 






AL 
BL 










OUTPUT: CH = Start Line Number For Cursor in Bits <4..0> 
CL = End Line Number for Cursor in Bits <4..0> 
DH = Row 
DL = Column 

AXUSLLILLLTLTTLTTTLLTALT ATTA TT 

BXVSSSLLTTLTTLTTTTLT TT TTT TT 







CH] START LINE # | END LINE # 
DHL ROW | CCOLUMN 


The Read Cursor Position function takes special action if the current mode is 2 or 
3 (80 x 25) and the high-definition (9 x 14 dot cell) character set is in use. 
Since the applications program expects a number in the range (0..7), and the 
physical line number is in the range (0..13), the BIOS first multiplies the number 
by 8/14 and rounds the result to the nearest integer. 


CL 
DL 





LT OO EE eeEOoOoreeeeeeeeeeeeee aaa Sa... 
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The following tabulation gives the high-resolution display mapping: 


In Out 
(Scan Line) x 8/14 (Returned) 
0 0.00 0 

l 0.57 ] 

2 1.14 l 

3 1.71 2 

4 2.29 2 

5 2.86 3 

6 3.43 3 

7 4.00 4 

8 4.57 5 

9 5.14 5 
10 5.71 6 
11 6.29 6 
12 6.86 ] 
13 7.43 ] 
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INT 10h, AH = 04h - Read Lightpen Position 


INT 10h, AH = 04h reads the contents of the lightpen register on the video display 
controller. The lightpen register specifies the pixel position of the lightpen on 
the screen. 


INPUT: AH = 04h 


AH LITT 


BRESSLLLLLLLTTTTTT TTT TTT ATTA 
OS 


AL 










DXESSSLLLLLTLTLTTTL LTT TATA 
OUTPUT: AH = 0 Lightpen Switch Not Triggered 
= 1 Valid Lightpen in Registers 
BX = Pixel Column (0..319) for Modes 4, 5 (0..639) for Mode 6 
CH = Raster Line (0. .199) 
DH = Row of Character Lightpen is on 
DL = Column of Character Lightpen is on 
AH PEN VALID LILTTITTTTTT TTT Y AL 


STII 






The lightpen resolution is equivalent to the character-grid layout of the screen. 


NOTE: This video BIOS call applies only to a COMPAQ Video Display Controller 
(or CGA equivalent) when connected to a color display. 
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INT 10h, AH = 05h - Select Active Display Page 


INT 10h, AH = O5h specifies the active display page. 


O5h 

New Page Value (0..7) for Modes 0, 1 
(0..3) for Modes 2, 3 
(0) for Mode 7 


AH NEW PAGE VALUE 


BXESLLLLLTLLLTT TTT TTT TTT TTT 
CXELLLTTLLLTTTTTL TTL TT 
DXESLLLTLLTLTTT LTT LTT TT 


INPUT: AH 
AL 







AL 


OUTPUT: None 


INT 10h, AH = 05h is not valid for the graphics display modes. 


INT 10h, AH = 06h - Scroll Active Page Up 


INT 10h, AH = O6h scrolls an arbitrary window in the display up by the specified 
number of lines. 


INPUT: AH = O6h 
AL = Number of Lines to Scroll (0..25) 
= Q means blank entire window 

BH = Attribute used on blank lines (00h. .FFh) 
CH = Scroll] row - upper-left corner (0..DH) 
CL = Scroll column - upper-left corner (0..DL) 
DH = Scroll row - lower-right corner (CH..24) 
DL = Scroll column - lower-right corner 

(CL..39) for Modes 0, 1 

(CL..79) for Modes 2, 3, 7 






AH AL 
BH ATTRIBUTE BL 
CH CL 
DH DL 
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BIT 


76543210 


OUTPUT: None 


The input lines are blanked at the bottom of the window. 


The normal value for the attribute byte is 07h. 


0001 
0010 
0011 


0100 = 


0101 
0110 
0111 


1000 = 


1001 


1011 


1100 = 


1101 
1110 
1111 


Intense 
Background Color (use above values) 
Blink 


Foreground Color 
0000 = 


Black 


= Blue 


Green 
Cyan 
Red 
Magenta 
Brown 
White 
Gray 


= Lt. blue 
1010 = 


Lt. green 
Lt. cyan 
Lt. red 


= Lt. magenta 


Yellow 
Int. white 
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INT 10h, AH = 07h - Scroll Active Page Down 


INT 10h, AH = O7h scrolls an arbitrary window in the display down by the specified 
number of lines. 


INPUT: AH = O7h 

AL = Number of lines to scroll] (0..25) 
= 0 means blank entire window 

BH = Attribute used on blank lines (00h. .FFh) 
CH = Scroll row - upper-left corner (0..DH) 
CL = Scroll column - upper-left corner (0..DL) 
DH = Scroll row - lower-right corner (CH..24) 
DL = Scroll column - lower-right corner 


(CL..39) for Modes 0, 1 
(CL..79) for Modes 2, 3, 7 






AN AL 
Bh BL 
ch CL 
DH DL 
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Foreground Color 


0000 = Black 
0001 = Blue 
0010 = Green 
0011 = Cyan 
0100 = Red 
0101 = Magenta 
0110 = Brown 
0111 = White. 
1000 = Gray 
1001 = Lt. blue 
1010 = Lt. green 
1011 = Lt. cyan 
1100 = Lt. red 
1101 = Lt. magenta 
1110 = Yellow 
1111 = Int. white 
Intense 
Background Color (use above values) 
Blink 


The input lines are blanked at the top of the window. 


The normal value for the attribute byte is 07h. 
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INT 10h, AH = O8h - Read Attribute and Character at Cursor Position 


INT 10h, AH = 08h returns the ASCII code and attribute byte for the character at 
the specified screen position. 


INPUT: AH = O8h 
BH = Display page in the text modes only 
(0..7) for Modes 0, 1 
(0..3) for Modes 2, 3 
(0) for Modes 4, 5, 6, 7 


AH IIIT 
BH SII 


CXELSTLLTTTTLTT TATA TTT 
DXLSLTTTLLLLL LLL LTT TTT TTT 






AL 
BL 







OUTPUT: AH = Attribute of Character Read 
AL = Character Read 


ATTRIBUTE CHAR READ 


PTLELTLTL TATA TATA TAT ATTA 
PITTTTTTTTT TTT TTT AAA TATA TTT 
PPLTTLTTLTT TATA TA AAA AAT TT 





AH 
BX 
CX 
DX 


AL 






For the Read-and Write-character functions while in the graphics mode, the 
characters are formed from a character-dot image in the system ROM. Only the 
first 128 characters are in the ROM. INT 1Fh points to a user-supplied table 
that contains the dot patterns for the second 128 characters. 


For Modes 4, 5, and 6 (graphics modes), a space can be written with a 00h or a 20h, 
but only a 00h will be read back. For Modes 4, 5, and 6, the attribute returned in 
AH is not valid. 


8 NS EL RT I ORGS PA SIR eee Re a ge RE TR | 
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INT 10h, AH = O9h - Write Attribute and Character at Cursor Position 


INT 10h, AH = 09h writes the ASCII code and attribute byte for the character at the 
Current cursor position. 


INPUT: AH = O9h 

AL = Character to Write (00h. .FFh) 

BH = Display Page in Text Modes Only 
(0..7) for Modes 0, 1 
(0..3) for Modes 2, 3 
(0) for Modes 4, 5, 7 

BL = Attribute of Character to Write 
If bit <7> of BL = 1, then the color value is XORed with the current 
contents of the character 

CX = Count of Characters to Write 
(1..1024) for Modes 0, 1 
(1..2048) for Modes 2, 3, 7 
(1..40) for Modes 4, 5 
(1..80) for Mode 6 






AH CHARACTER | AL 
BH| DISPLAY PAGE ATTRIBUTE | BL 


CX 
DX 


COUNT OF CHARACTERS TO WRITE 
STLTLLTLTTTTT TAA TTT TTT 


OUTPUT: None 


For the Read- and Write- character functions while in the graphics mode, the 
characters are formed from a character-dot image in the System ROM. Only the first 
128 characters are in the ROM. INT 1Fh points to a user-supplied table that 
contains the dot patterns for the second 128 characters. 


The maximum character count is limited in the text modes to the end of 
display page. 


When in graphics Modes 4, 5, or 6, the replication factor contained in register CX 
will produce valid results only for characters on the same row. 
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INT 10h, AH = OAh - Write Character at Cursor Position 


INT 10h, AH = OAh writes the ASCII code to the specified cursor position. 


INPUT: AH = OAh 

AL = Character to Write 

BH = Display Page in Text Modes Only 
(0..7) for Modes 0, 1 
(0..3) for Modes 2, 3 
(0) for Modes 4, 5, 6, 7 

BL = Attribute (Graphics modes only) 

CX = Count of Characters to Write 


(1..1024) for Modes 0, 1 
(1..2048) for Modes 2, 3, 7 
(1..40) for Modes 4, 5 
(1..80) for Mode 6 






AH CHARACTER | AL 
BH| DISPLAY PAGE ATTRIBUTE ‘| BL 
CX| COUNT OF CHARACTERS TO WRITE 


DXISTLLTTLLTLLTTT TLL LTT TT TATA. 


OUTPUT: None 


For the Read- and Write- character functions while in graphics mode, the characters 
are formed from a character-dot image in the system ROM. Only the first 128 
characters are in the ROM. INT 1Fh points to a user-supplied table that contains 
the dot patterns for the second 128 characters. 


The maximum character count is limited in the text modes to the end of 
display page. 


When in graphics modes 4, 5, or 6, the replication factor contained in register CX 
will produce valid results only for characters on the same row. 


a a 
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INT 10h, AH = OBh - Set Color Palette 


INT 10h, AH = OBh specifies the color generated by the color palette for a 


color ID. 
INPUT: AH = OBh 
BH = Palette Color ID Being Set (0..127) 
BL = Color Value to be used with that Color ID 


This interrupt has meaning only for Modes 4, 5. 


Color ID = 0 selects the background color (0..15) 
Color ID = 1 selects the palette to be used 


AH STITT 
BH 


CXELTTTTTTLTL TTT LTT TTT 
DXESTTTTTTTTT TTT TTT TTT TTT AAT 






AL 
BL 







The following tabulation lists the color values and the resulting colors. 


Value Color Value Color 

0 Black 8 Gray 

1 Blue 9 Light blue 

2 Green 10 Light green 

3 Cyan 11 Light cyan 

4 Red 12 Light red 

5 Magenta 13 Light magenta 
6 Brown 14 Yel low 

] White | 15 White 


OUTPUT: None 
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wt INT 10h, AH = OCh - Write Pixel 


INT 10h, AH = OCh specifies the color of a pixel at the specified position. 


INPUT: AH 
AL 


OCh 
Color Value 
(0..3) or (80h..83h) for Modes 4, 5 
(0..1) or (80h..81h) for Mode 6 if bit <7> of AL is set to l, 
then the color value is XORed with the current contents of the dot 
CX = Column Number 
(0..319) for Modes 4, 5 
(0..639) for Mode 6 
DX = Row Number (0..199) 


AH COLOR VALUE 
BXESSSLTLLLLTLTLTT TTT TTT TTT TT 
CX COLUMN NUMBER 

DX ROW NUMBER 






AL 







This function has significance only for graphics modes 4, 5, and 6. 


The following tabulation lists the color values and the resulting colors. 


Value Color Set Color 

0 Standard Background 
l Standard Green 

2 Standard Red 

3 Standard Brown 

0 Alternate Background 
l Alternate Cyan 

2 Alternate Magenta 

3 Alternate White 


OUTPUT: None 
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INT 10h, AH = ODh - Read Pixel 


INT 10h, AH = ODh returns the color value for the specified pixel. 


INPUT: AH = ODh 

CX = Column Number 
(0..319) for Modes 4, 5 
(0..639) for Mode 6 

DX = Row Number (0..199) 


AH MII TT 


AL 







5 
CX COLUMN NUMBER 
DX ROW NUMBER 





OUTPUT: AL = The color value for the pixel read 
(0..3) for Modes 4, 5 
(0..1) for Mode 6 


LILTLETTTT TTL} = COLOR VALUE 


FTTTTTTLTTT TTT 
FTTTTTTTTTTT TTT 
FELTTTLTTTLTT TTT AAA TT 





AH 
BX 
CX 
DX 


AL 






This function has significance only for graphics Modes 4, 5, and 6. 
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INT 10h, AH = OEh - Write TTY 


INT 10h, AH = OEh writes characters to the screen as though the screen were a TTY 
receiving device. Only four ASCII codes are interpreted as standard TTY codes. 
The four ASCII codes are BEL, BS, LF, and CR. Characters are displayed for al} 
other codes. 


INPUT: AH = OEh 
AL = Character to Write 
BL = Foreground Color in Graphics Mode 


(0..3) for Modes 4, 5 
(0..1) for Mode 6 


AH} — -OEh_~—S._—SsSCHARRACTER 
BHT /////L////1111/| FOREGRND COLOR | 


CXESLLLTLLLLLLLLL LLL TTT TT 
US 






AL 
BL 







OUTPUT: None 
The screen width is controlled by the previously set mode. 


The display page used is the active display page. 
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INT 10h, AH = OFh - Read Video State 


INT 10h, AH = OFh returns the current screen width, display mode, and active 
display page. 


INPUT: AH = OFh 


MITT 


FLLTLTLLLTLT LTT ATT AAT 
SLTLTLLLLLLLAT TTT TTT TTT TTT 
FLTTTATLLLTT TTT ATA TT 





AH AL 
BX 
CX 


DX 






Number of character columns on screen (40 or 80) 
Mode set (0..7) 
Active display page (0..7) 


| SCREEN WIDTH | MODE _| AL 
SIITTTTITITAT AT | BL 


FITTTTTTTTT TTL T TTA AAT TAA TL 
FITTTLLTLLTL TTT TATA TTT TTT LT 


OUTPUT: AH 
AL 
BH 







AH 
BH 
CX 
DX 
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INT 10h, AH = 13h writes a character string to the screen, starting at the 


specified position. 


INPUT: AH = 13h 
AL = Format code (0..3) 


AL = 0, the string format is {char, char, char} and the cursor IS NOT moved 
AL = 1, the format of string is {char, char, char} and the cursor IS moved 
AL = 2, the format of string is {char, attr, char, attr} the cursor IS 


NOT moved. 


AL = 3, format of string is {char, attr, char, attr} and the cursor 


IS moved 
BH = Display page (0..7) 
BL = Attribute 
CX = Length of string 
DX = Cursor position to write string 
ES:BP = Pointer to string 







AH FORMAT CODE ‘| AL 
BH| DISPLAY PAGE | ATTRIBUTE BL 
CX STRING LENGTH 

DH COLUMN DL 





BP STRING OFFSET 
ES STRING SEGMENT 


OUTPUT: None 
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INT 10h, AH = BFh - Video BIOS Extensions 


Function BFh adds extensions to the video BIOS needed for sensing or altering the 
hardware environment. These interrupts are unique to COMPAQ personal computers. 


INPUT: AH = BFH 
AL = 00h = Switch to 8 x 8 character cel] 
Olh = Switch to 9 x 14 character cell 
04h = Set mode-switch delay 






AH SUBFUNCTION 


BXYSLILLLLLLL LLL ATT 
CXYSTTLLLTTTTTTTTT TTT TTT TTA TT 
OO 


AL 






INT 10h, AH = BFh, AL = 00h - Switch to 8 x 8 Character Cell 


This video BIOS subfunction is provided for compatibility with COMPAQ portable 
computers that have both internal and external displays. On the COMPAQ 

DESKPRO 386/25, it changes the vector contained in INT 1Dh to point to a ROM 
table containing parameters needed to program the 6845 CRT controller for 8 x 8 
character cell operation. It is processed only if: 


= Video is in 80 x 25 text mode (BIOS Mode 2 or 3) 
= A COMPAQ Video Display (VDU) Controller is installed 
= A COMPAQ Dual-Mode Monitor is connected 


Screen contents are not affected by this call. 





INPUT: AH = BFh 
AL = 00h 
AH 00h AL 





BX 
CX 
DX 


FLLTLTTTTTT TTT TATA AAA AAA TTT TT 
FILELTLTT TTT LTT TATA AAT 
SILELLTTTTLT TTT ATT TTT AAA TT 






OUTPUT: None 
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INT 10h, AH = BFh, AL = Oth - Switch to 9 x 14 Character Cell 


This video BIOS subfunction is provided for compatibility with COMPAQ portable 
computers that have both internal and external displays. On the COMPAQ 

DESKPRO 386/25, it changes the vector contained in INT 1Dh to point to a ROM 
table containing parameters needed to program the 6845 CRT controller for 9 x 14 
character cell] operation. It is processed only if: 


= Video is in 80 x 25 text mode (BIOS Mode 2 or 3) 
= A COMPAQ Video Display (VDU) Controller is installed 
= A COMPAQ Dual-Mode Monitor is connected 


screen contents are not affected by this call. 


INPUT: AH = BFh 
AL = Olh 








BFh _ Oth 
WMATA 
MINNA LLL 
MMMM 


AH AL 
BX 
CX 


DX 






OUTPUT: None 
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INT 10h, AH = BFh, AL = 04h - Set Mode-Switch Delay 


This interrupt enables or disables the 500-ms delay during the mode switch required 
for the COMPAQ Dual-Mode Monitor. The delay allows the monitor time to settle with 


video off after the mode change. 


INPUT: AH = BFh 
AL = 04h 
BH = Switch 
OOh = Enable delay 
Olh = Disable delay 


04h 
LITT 


FLTTTLTTT TLL ATTA TTT 
STTTTTTTTTTTT TATA TTA TTT 










AH 
BH 
CX 
DX 


AL 
BL 







OUTPUT: None 
INT 1Dh - PTR - Video Parameter Table 


INT 1Dh points to a table of parameters that initializes the 6845 CRT controller 
after an INT 10h Set Video Mode command is issued. 


ROM ENTRY: Points to ROM Default Video Initial Parameter Table 

ROM ACTION: Not applicable 

INPUT: None 

OUTPUT: None 

USE: INT 1Dh can be used to supply a substitute parameter table for different CRT 
controller operating conditions. For example, the horizontal-sync position 


can be changed to compensate for certain monitors. 


The vector at 0000:0074 for INT 1Dh can be changed to point to a user-supplied 
table consisting of four 16-byte entries. 


EE EEE LL nn cc LTT 
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The following chart shows the format of the video mode parameter table. 


Offset 
40 x 25 Table 
Modes 0, 1 
80 x 25 Table 
Modes 2, 3 


Graphics Table 
Modes 4, 5, 6 
Monochrome Table 
Mode 7 





The system ROM actually contains two video mode parameter tables to accommodate 
switching between 9 x 14 dot cells and 8 x 8 dot cells (for external RGB color 
monitors) in the 80 x 25 character mode. Switching the parameter tables is 
accomplished by INT 10h, AH = BFh, AL = Olh (for 9 x 14) and AL = 00h (for 8 x 8). 


Simultaneously pressing the CTRL - ALT - < (less-than) keys causes an INT 10h, 
AH = BFH, AL = 00h to be issued by the keyboard interrupt handler. 


The complementary CTRL - ALT - > (greater-than) key sequence causes an INT 10h, 
AH = BFh, AL = Olh to be issued. Only the table for the 80 x 25 entry differs 


between 8 x 8 mode and 9 x 14 modes. 


Table 4-39 lists the 6845 CRT controller parameters for 9 x 14 character cells. 
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Table 4-39. CRT Controller Parameters for Various Video Modes 
(9 x 14 character cells) 


Video Mode 

Parameter 40 x 25 80 x 25 Graphics Mono 
Horizontal total in characters 56 113 56 97 
Horizontal display in characters 40 80 40 80 
Horizontal sync position in characters 45 90 45 82 
Horizontal sync width in characters 10 10 10 15 
Vertical total in character rows 31 25 127 25 
Vertical total adjust in scan 6 6 6 6 
Vertical display in character rows 25 25 100 25 
Vertical sync position in character row 28 25 112 25 
Interlace mode 2 2 2 2 
Max scan line address / 13 l 13 
Cursor start scan 6 11 6 11 
Cursor end scan ] 12 ] 12 
Start address (H) 0 0 0 0 
Start address (L) 0 0 0 0 
Cursor address (H) 0 0 0 0 
Cursor address (L) 0 0 0 0 


NOTES: 1. Default values are given in decimal. 
2. The table address is loaded into the vector in INT 1Dh when a switch 
(CRTL-ALT-> (greater-than symbol)) to 9 x 14 character cell BIOS call 
is executed (INT 10h, AH = BFh, AL = Olh). 
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Table 4-40 lists the 6845 CRT controller parameters for 8 x 8 character cells. 


Table 4-40. CRT Controller Parameters for Various Video Modes 
(8 x 8 character cells) 


Video Mode 

Parameter 40x 25 80x 25 Graphics Mono 
Horizontal total in characters 56 113 56 97 
Horizontal display in characters 40 80 40 80 
Horizontal sync position in characters 45 90 45 82 
Horizontal sync width in characters 10 10 10 15 
Vertical total in character rows 31 31 127 25 
Vertical total adjust in scan 6 6 6 6 
Vertical display in character rows 25 25 100 25 
Vertical sync position in character row 28 28 112 25 
Interlace mode 2 2 2 2 
Max scan line address ] 7 1 13 
Cursor start scan 6 6 6 11 
Cursor end scan 7 7 7 12 
Start address (H) 0 0 0 0 
Start address (L) 0 0 0 0 
Cursor address (H)} 0 0 0 0 
Cursor address (L) 0 0 0 0 


NOTES: 1. Default values are given in decimal. 
2. The table address is loaded into the vector in INT 1Dh when a switch 
(CRTL-ALT-< (less-than symbol)) to 8 x 8 character cell] BIOS call is 
executed (INT 10h, AH = BFh, AL = OOh). 
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INT 1Fh - PTR - Dot Table 


INT 1Fh points to a user-supplied dot table used to generate and read 8 x 8 dot 
graphics characters in Modes 4, 5, and 6. This table is needed only for those 
characters within the range of 80h..FFh. 


ROM ENTRY: 0000:0000 

ROM ACTION: INT 1Fh is used exclusively by the INT 05h Print Screen and INT 10h 
Video I/0 routines, and then only in the graphics modes for the 
upper-128 character set. 

INPUT: None 

OUTPUT: None 


USE: The user must set INT 1Fh to point to a supplied table as follows. 


Leftmost column 


Rightmost column 





Character 

80h: Byte Offset 

Top Row +000h 
+001h 
+002h 
+003h 
+004h 
+005h 
+006h 

Bottom Row +007h 

Character 

FFh: 


Top row +3F8h 
+3F9h 
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The following paragraphs describe how to program video memory for 8 x 8 


dot patterns. 


For example, to make a question mark (?) the character for code 81h, begin at 
Left-justify alphanumeric characters in the 
cell. Visible dots are usually composed of two adjacent cells ON. The bottom row 
is normally blank (00h), except for descenders and special graphics characters. 


offset +008h (81h - 80h) x 8 = +008h. 


Contents 
78h 
CCh 
OCh 
18h 
30h 
00h 
30h 
00h 





Offset 
+008h 
+009h 
+00Ah 
+00Bh 
+00Ch 
| +00Dh 
+0Q0Eh 
+00Fh 
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4.16 MISCELLANEOUS 
INTERRUPTS 


This section contains information on the unused hardware interrupts and 
miscellaneous information locations in the BIOS ROM. Seven unused interrupts, 
listed in Table 4-41 are available for use by optional interface boards and 
user-written applications or system software. 


Table 4-41. Miscellaneous Interrupts 


Interrupts Available Type Function 

INT OAh HW Simulated IRQ2 
INT 71h HW IRQS 

INT 72h HW IRQ10 

INT 73h HW IRQ11 

INT 74h HW IRQ12 

INT 77h HW IRQ15 


When the system encounters one of these interrupts, it jumps to the address pointed 
to by the vector for that interrupt. Table 4-42 lists the memory locations where 
these vectors reside. 


Table 4-42. Memory Locations Used by Miscellaneous Interrupts 


Memory Location Bytes Function 

0000:0028 4 INT OAn Vector 
0000:01C4 4 INT 7inh Vector 
0000:01C8 4 INT 72h Vector 
0000:01CC 4 INT 73h Vector 
0000:01D0 4 INT 74h Vector 
0000:01DC 4 INT 77h Vector 


eeu a ee 
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INT OAh - HW - Simulated IRQ2 - CPU - Invalid TSS 


INT OAh provides compatibility with 8088/8086-based products that expect pin B04 of 
the system bus to be IRQZ2. On COMPAQ 80386-based products, bus pin B04 of the 
expansion bus is actually connected to IRQ9, which is vectored through INT 71h. 
Therefore, for system compatibility with 8088/8086-based products, IRQ9 interrupts 
vectored through INT 71h are redirected by the BIOS to INT OAh. 


INT OAh masks the interrupt (INT), sends an E01 to the master interrupt controller 
(20h to port 20h), and returns control to the calling program. The operating 
system software, running in the Protected mode, can readily relocate hardware 
interrupts IRQO to IRQ/7 to another block of eight interrupt vectors to avoid 
conflict with the CPU interrupt. (See INT 15h, AH = 89h.) 


ROM ENTRY: Points to an interrupt return 
ROM ACTION: None 


USE: It is the responsibility of the operating system or the application program 
to set up the vector to process this interrupt. 


INT 71h - HW - IRQ9 


INT 7ih receives the interrupts from IRQ9. 


On 8088/8086-based products, bus pin B04 of the expansion bus is connected to IRQ2, 
which is vectored through INT OAh. On COMPAQ 80386-based products, bus pin B04 is 
connected to IRQ9, which is vectored through INT 71h. For system compatibility 
with 8088/8086-based products, interrupts vectored through INT 71h are redirected 
by the BIOS to INT OAh after an EOI to the slave interrupt controller (20h to port 
AOh) has been performed. 


ROM ENTRY: Points to IRQS handler 


ROM ACTION: The IRQ9 handler points to the IRQ2 vector, which points to an 
interrupt return. 


USE: It is the responsibility of the operating system or the application program 
to set up this vector for useful action. 


4-223 
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INT 72h - HW - IRQ10 


INT 72h receives the interrupts from IRQ10. 


INT 72h is not processed by the BIOS other than to return control to the 
calling program. 


ROM ENTRY: Points to an interrupt return 
ROM ACTION: None 


USE: It is the responsibility of the operating system or the application program 
to set up this vector for useful action. 


INT 73h - HW - IRQ11 


INT 73h receives the interrupts from IRQ11. 


INT 73h is not processed by the BIOS other than to return control to the 
calling program. 


ROM ENTRY: Points to an interrupt return 
ROM ACTION: None 


USE: It is the responsibility of the operating system or the application program 
to set up this vector for useful action. 
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INT 74h - HW - IRQ12 
INT 74h receives the interrupts from IRQ12. 


INT 74h is not processed by the BIOS other than to return control to the 
calling program. 


ROM ENTRY: Points to an interrupt return 
ROM ACTION: None 


USE: It is the responsibility of the operating system or the application program 
to set up this vector for useful action. 


INT 77h - HW - IRQS 


INT 77h receives the interrupts from IRQ15. 


INT 77h is not processed by the BIOS other than to return control to the 
calling program. 


ROM ENTRY: Points to an interrupt return 
ROM ACTION: None 


USE: It is the responsibility of the operating system or the application program to 
set up this vector for useful action. 


Cann cencccccccnnnarn errr re errr errr seer SSS SSS SSS SSS SSS SSS SSS eS 
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4.17 SPECIAL BIOS 
ROM LOCATIONS 


The ROM memory locations described in the following sections are supplied in 
COMPAQ products. 


Table 4-43 lists the special BIOS ROM locations. 


Table 4-43. Special BIOS ROM Locations 


Address Bytes Function 

FOOO:FFE4 1 Product Family Code 
FOOO:FFE5 1 Point-Release Number 
FOOO:FFE6 2 Revision Code 
FOO0O:FFE8 2 BIOS Type Code 
FOOO:FFEA 6 Machine ID 

FQOO:FFFE 1 Machine Type Code 





Product Family Code 
The BIOS ROM contains a 1-byte product family code at address FOOO:FFE4. The 
contents of this memory location is 47h ('G') for COMPAQ DESKPRO 386/25 products. 
Point-Release Number 


The specific release number of the BIOS ROM revision is identified by l-byte code 
at address F000:FFE5. The contents of this memory location is in printable ASCII, 
beginning with 30h (0). 


rr ne ee NR 


COMPAQ DESKPRO 386/25 Personal Computer 


Technical Reference Guide 4-227 





ROM Revision Code 
The BIOS ROM contains a 2-byte revision code at address FO00:FFE6. The contents of 


this memory location are in printable ASCII, left justified, and blank filled 
(if necessary). 


BIOS Type Code 
The BIOS type is identified by a 2-byte ASCII code at address F000:FFES8. 


The contents of this memory location are 30h, 33h ("0','3') for COMPAQ 
DESKPRO 386/25 products. 


Machine ID 


COMPAQ personal computers can be identified by a 6-byte string at address F000:FFEA 
that contains “COMPAQ” in uppercase ASCII code. 





Machine Type Code 
The machine type is identified by a l-byte code at address FOO0:FFFE. It contains 


FCh for COMPAQ DESKPRO 386/25 products. The machine type code is provided for 
compatibility with 80286-based software. 


COMPAQ DESKPRO 386/25 Personal Computer 


We | 
‘ty 
(hia 4-228 Software Aspects and BIOS 





4.18 PROGRAMMING 
EXAMPLES 
FOR PROTECTED 
MODE OPERATING 
SYSTEMS 


The COMPAQ DESKPRO 386/25 has some advanced hardware features that provide improved 
performance and compatibility when using MS-DOS as published by COMPAQ. 


A Protected mode operating system (such as MS 0S/2 or UNIX) may need additional 
code to exploit fully these features that are specific to Compaq Computer 
Corporation products. Compaq has developed several code routines to help software 
developers take full advantage of those COMPAQ DESKPRO 386/25 features available 
when using the 80386 microprocessor in the 80286 Protected mode or the 80386 
Protected mode. 


The following pages contain examples of routines that: 

= Determine CPU type (8086, 8088, 80286, or 80386) 

= Determine whether or not the machine is a COMPAQ product 

= Put the CPU in HIGHest speed mode 

= Unprotect the highest 128 Kbytes of RAM (FEQ000h to FFFFFFh) 

= Relocate VGA font vectors for COMPAQ VGA 

= Size and allocate system RAM in a UNIX environment 

NOTE: In order to ensure compatibility with future 80386-based COMPAQ 
products, access (reading or writing) to these registers must be done via 
the ROM-BIOS software interrupt Block Move (INT 15h, AH = 87h). The Block 
Move function in the BIOS recognizes access to the special 80C00000h 


location and takes the appropriate action to access the system registers to 
perform the equivalent function in future COMPAQ products. 
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o KKKKKEKEKEKEKKKKEKKKEKKKEKKEKKKKKKKKKKEEKKKKKKEKKKEKKEKKEKEKKEEKKEKKKKKKKKKKKEKKKKKKKKKKKEKS 


The following routines are written in 80286 assembly language. The code is 
assembled and linked using 80286 Protected mode addressing. However, the code 
modules themselves are executed while the 80286 CPU is in the 8086 Real mode. 


These sub-routines are provided to help programmers detect a COMPAQ DESKPRO 
386/25 computer in order to fully exploit the advanced features of the COMPAQ : 
DESKPRO 386/25. Under no circumstances should these routines be used to exclude: 


? 
the use of application software on computer products manufactured by others. 
o KKKKKKKKKKKEKKKEKKEKKKKKKKKKKKKKKKKEKKKEKKKKKKKKKKAKKKKEKKRKKKKKKEKKKKKKKKKRKKEKKEKKEKKKEEEK 
0 0 


LISTING 
oKKKKKKKEKKKKEKKKKKKEKKKKKEKKKEKEKKKKKKKKKEKEKEREKREKEKKKKKKKKEKKEKKKEKKKKKKKKKKEKKKEKKKKKKEKE, 
PUBLIC _cpuvendor 
_cpuvendor DW 0 ; Global reference for vendor, 1 == COMPAQ 
PUBLIC _cputype 
_cputype DW 0 ; Global reference for CPU, 86H, 286H, 386H 
COMPAQ EQU 1 
OTHER EQU 0 


o KKKKKKKKKKKKKKKEKEKKKEKKKEKKEKREKKEKEKEKKKKKKEKEKKEKKEKKKKEKKKKEKKEKKEKEEKKKKKKKKKKKKEKKEKEKKKEKEEEKSE, 
° ¢ 


o KKEKKKEKEKKKKKEKKKEKKKKKKKKKKKKKEKKKKEKKKEKKEKKKKKKKKEKKKEKKKEKEKKKKKKKKKKKKKKKEKEEKKKKKKKKKEKK , 


; MAIN ROUTINE 


; Real mode initialization for operating system start-up. Must be called after 
; boot but before transition to Protected mode. This routine performs specific 
; initialization for the COMPAQ DESKPRO 386/25 only. Other systems may also 

; require specific initialization procedures. 


Determine CPU type and update _cputype flag 
Determine whether or not vendor is COMPAQ and update _cpuvendor 
Use those flags to perform COMPAQ and/or 80386 specific initialization 5; 


If (cpuvendor == COMPAQ) { 
hi_speed(); 
if(cpu_type == 0x386) { 
vgavec(); /* re-init VGA font vectors */ 


\ romoff(); /* unprotect highest 128K 32-bit RAM */ 


9 
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PUBLIC oemreal 


oemreal proc near 


call 
mov 
cal] 
mov 
cmp 
jnz 
call 


mov 
cmp 
jnz 
cal] 


call 
not386: 


ret 
oemreal endp 


cpu_type 
[_cputype] ,ax 
Ccpu_vendor 
[_cpuvendor] , ax 
ax, COMPAQ 
not386 


hi_speed 

ax, [_cputype] 
ax, 0386h 
not386 


vgavec 
romof f 


@e ee we @e @e @ @ 


Determine CPU, ax=type 
Update flag 

Determine machine vendor 
Update flag 

Q: Is machine a COMPAQ? 


N: Don't attempt high speed or high RAM 


Y: Set speed to highest possible 


Get flag 
Q: Is machine a 386? 
N: Don't attempt to enable high RAM 


Y: Fix ROM pointers for VGA 
Y: Unprotect highest memory 


Other OS-specific Real mode 
init code goes here 


Real mode init completed 


oKKEKKEKKKKKKKKEKRKKKKKKKKKEKKKKKKKEKEKKKKKKKKEKKEKKKKKKKKKKKKEKKEKKKEKKKKRKKEKKKKKEKKKEKKKEKEEKS 


> Cpu_vendor 


; ROUTINE TO DETERMINE WHETHER OR NOT MACHINE IS A COMPAQ PRODUCT 


Determines whether or not COMPAQ is CPU vendor by looking at ROM 
Must be executed in Real mode 


Pointer to COMPAQ string must be derived at runtime. Although the 
assembler uses Protected mode addressing, this code runs in Real mode. 


AX = CPU vendor value 


0 = Indeterminate (not COMPAQ) 


1 = COMPAQ 
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oKKKKKKKKKKKKKKKKKKKKKKEKKKKEKKKKKEKKKKKKKKKKEKKKKKKKKKKKKEKKKEKKEKKEKKKKKKKKKKKEKKEKKKEEKSE | 
U 


cmpqstr 


nomatch: 


DB ‘COMPAQ’ 
pBegin cpu_vendor near 

push ds 

push es 

push Sj 

push dj 

push CX 

cld 

mov ax ,0F0O00h 

mov es,ax 

mov di,OFFEAh 

mov ax,Cs 

mov ds ,ax 

mov Si, offset OEMSUP_TEXT:cmpastr 

mov cx,6 

repe cmpsb 

mov ax, OTHER 

jnz nomatch 

mov ax , COMPAQ 

pop Cx 

pop dj 

pop $] 

pop es 

pop ds 

ret 


PUBLIC cpu_vendor 


pEnd cpu_vendor 
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Protect used registers 


Autoincrement 
Point to ROM string 


Point to compare string 


Length of COMPAQ string 
String compare 


Return status if not COMPAQ 
String did not match 
It is a COMPAQ 


Restore used registers 


*** RETURN *** 


; ROUTINE TO PUT THE CPU IN THE HIGHest SPEED MODE 


hi_speed 


This routine uses INT 16h to set system speed to HIGH 


Must be called from Real mode 


Calling arguments for INT 16h 
AH = FOh 

AL = Olh 8-MHz 286 

O2h 25-MHz 386 


o KKKKKKEKEKKKKKEKKKKKKEKKKKKKKEKKEKEKKKKKKEKKKKEEKKKEKKKKKKKKKKKKKKKEKKKEKKEKKEKKKEKEKKKKEKEKK , 
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PUBLIC hi_speed 
hi_speed proc near 


mov ax, OFOOZh 
int 16h - Set CPU to HIGHest speed possible 
ret - *** RETURN *** 


endp hi_speed 


oKKEKKKKKKKEKKKKKKEKEKKKKEKKKKEKKEKKKKKKKKEKKKKKKKKEKKKKKKKKEKKKEKKEKKKKKKKEKKKKKEKKKKKEKEEKS , 


ROUTINE TO DISABLE ROM REPLACEMENT 


Disable ROM Replacement and make high memory OFE0000h to FFFFFFh 
writable. Use the ROM BIOS Move Block INT 15h (see GDT format following) 
to write OFFh to the memory-mapped Control register at 80C00000h. 

This is the simplest way to get a 32-bit GDT in 286 Protected mode. 
(Protected mode 286 GDTs are only 24 bit). 


The following routine enables and disables gate A20. Therefore, the 
operating system must enable gate A20 after completion of the routine. 


Must be called from Real Mode 
Move Block Calling Arguments 
INPUT: None 


OUTPUT: AH = 0 if operation successful 

1 if parity error occurred 

2 if exception error occurred 
3 


if gate A20 failed 


move_block - Move (copy) a block of data to or from anywhere in physical 
memory. Normally used to move data to or from extended 
memory (beyond 1 megabyte) because Real mode addressing can 
address only the first megabyte of RAM. 


ENTRY: CX = number of words to move (max 8000h) 
ES:SI = Pointer to descriptor table (Refer to diagram below. ) 
EXIT: AH = 00 if OK 


01 if parity error 
02 if exception error 
03 if gate address bit A<20> fails 


Flags are unaffected 
USED: AX 


NOTE: The Block Move is performed with interrupts disabled. 
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Entries 0, 1, 4, and 5 should all be initialized by the caller 
to 8 bytes of 0 each. Entries 2 and 3 must be valid descriptors 
containing the appropriate base addresses, limit values, and 


ES:SI --> cel | . 
7 GOT (0) 3 
: 60 (1) . 
| GOT (2) : 
: GOT (3) f 
: GT (4) 3 
3 GOT (5) : 


: access rights. 
o KKXKKKKKKKEKKKEKREKRKEKKKKKKKKKKKKKKEKKKKKEEKKKKEKKEKREKKKKEKKKKKEKKKKKKKKEKKEKKKKKKEKEKKEKKEKEKS 
? 0 
Definition of a descriptor 


desc struc 
limit dw 0 ; Offset of last byte in segment 
base_low dw 0 ; Low 16 bits of 24-bit address 
base_high db 0 - High 8 bits of 24-bit address 
rights db 0 ; Access rights byte 
ext_lim db 0 - 386 limit <19..16> 
ext_base db 0 - 386 extended base 
desc ends 
Define fixed GDT selector values for Block Move routine 
ROMDUM_ SEL equ 0 * size desc - GDT(0) = Dummy selector 
ROMGDT_SEL equ 1 * size desc ; GDT(1) = GDT segment selector 
ROMSRC_SEL equ 2 * size desc - GDT(2) = Source segment selector 
ROMDST_SEL equ 3 * size desc ; GDT(3) = Target selector 
ROMBIOS_CS_SEL equ 4 * size desc - GDT(4) = BIOS CS segment selector 
ROMBIOS_SS_SEL equ 5 * size desc - GDT(5) = BIOS SS segment selector 
Various access rights 
DS_ACCESS equ 92h ; Expand up, level 0, writable 
CS_ACCESS equ SAh 
MAXSEG equ OFFFFh ; 64K segment 
rploff label WORD 
DW OFFFFh ; Disable ROM replace command 
PUBLIC romoff ; Disable ROM replacement 


romoff proc near 
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push bp - Protect used registers 
push es 
push si : 
push di 
push cx ; 
cld - Autoincrement 
Allocate a GDT on the stack. 
sub sp,size desc * 6 - 6 entries in Block Move GDT 
mov bp, sp ; Get base to it 
mov ax,Ss - Get segment address of GDT 
mov es ,ax . into ES 
mov si,bp ; ES:SI = GDT 
mov di,bp ; ES:DI = GDT 
xor ax, ax ; AX = 0 
mov cx,size desc * 6 - Number of bytes to clear 
. rep stosb ; Clear 6 GDT entries 
Fill in the source descriptor in the GDT 
lea di, [bp+ROMSRC_SEL] - DI = address of SRC descriptor 
mov ax,cs ; Compute base low of IOCTRL 
shl ax,4 
add ax,offset rploff 
mov es: [di] .base_low, ax ; Copy from address of local OFFh 
mov ax,offset rploff 
shr ax,4 : 
mov Cx,CS - Get segment address 
add ax,Cx 
shr ax, 12 
mov es: [di] .base_high,al ; Set base high in descriptor 
mov es: [di] .]imit,MAXSEG - Set limit 
. mov es: [di] .rights,CS_ACCESS - Set access rights 
Fill in the destination descriptor in the GDT 
lea di, [bp+ROMDST_SEL] ; DI = address of DST descriptor 
mov es: [di] .base_low,0 
mov es: [di] .base_high, 0COh ; Copy to 80C00000h 
mov es: [di] .ext_base, 80h 
mov es: [di] .]imit,MAXSEG : 
mov es: [di] .rights,DS_ACCESS 
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set the I/0 control byte by performing a Block Move of 1 word. 


mov ah,87h 
mov cx,1 
int 15h 
add sp,size desc * 6 
pop Cx 
pop dij 
pop $j 
pop es 
pop bp 
ret 

endp romof f 


; Block Move opcode 

- Move 1 word 

; Write to the I/0 control byte 
- De-allocate GDT on stack 


Restore used registers 


~ %x*k* RETURN Kkx 


o KKEKKKKKKKKKKKKKKKKEKKKKKKKKEKKKEKKKKKEKKKKRKKKEKKKKKKKEKEKEKKKKKKKKKKKKKKKKKKKKKKKKKEKEREKK 


ROUTINE TO RELOCATE VGA FONT VECTORS 


> egavec 


; This code relocates VGA vectors at 0440:00xxh for the COMPAQ VGA. Normally, 
; the ROM BIOS copies the VGA ROM to 32-bit RAM at FE0000h, then (using 

; special hardware) remaps this RAM to 0E0000h. Thus, we have fast 
; 32-bit RAM in an unused ROM location to speed up VGA ROM calls. 


Because that high memory is allocated for use as operating system RAM, 
the VGA font vector must point back to the real VGA ROM at 0C0000h. 


o KKKKKKKKKKKKKKKKKKKEKEKKEKKKKKKKEKKKKKEKKKKKKKEKKKKKKAKKKKKEKKEKREKKKKEKKKKEKEKEKKKEKKKKKEEKE , 


PUBLIC vgavec 


VGA_VIDEO_IO equ 10h 
VGA_DOT_VEC equ LFh 
VGA_FONT_VEC equ 43h 
VGA_SEGMENT equ O0CO000h 


pBegin vgavec near 
mov ax, 0 
mov es, ax 
mov si, (VGA_VIDEO_I0*4)+2 
mov es: [si] , VGA_SEGMENT 
mov si, (VGA_DOT_VEC*4)+2 
mov es: [si] , VGA_SEGMENT 
mov si, (VGA_FONT_VEC*4)+2 
mov es: [si] , VGA_SEGMENT 
ret 


pEnd vgavec 


- Page 0 in es 


INT 10h, segment 
Point it back to ROM 
INT 1Fh, segment 
Point it back to ROM 
INT 43h, segment 
Point it back to ROM 
KKK RETURN Kk* 
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 KKKKKKKKKKKKKKKKKEKKKEKKKEKKEKKKEKKKKEKEKKKKKEKEKEKKKKEKEKKKEKKKEKKKEKKKEKKEKKEKEKRKEKKKEKKKKKEKESE 


PROTECTED MODE INITIALIZATION CODE SAMPLE 


The following memory-sizing code finds the highest RAM at OXFA0000 to 
OXFFFFFF on the COMPAQ DESKPRO 386/25. This module is written in C and 
should be called during Protected mode initialization. 


The “ROMOFF’ routine in Real mode initialization has removed write 
protection on the highest 128 Kbyte of 32-bit RAM (used as a ROM copy) 
before this code executes. 


Because the COMPAQ DESKPRO 386/25 memory can be moved around between low 
memory (<640 Kbyte) and the highest memory (F40000h-FFFFFFh) by board 
DIP-switch setting options, discrete ranges must be searched to avoid 
counting memory twice. : 


Highest memory grows from the top (OXFFFFFF) downward; low memory 

grows from the bottom upward with a break occurring from 640 Kbyte to 
to 1 megabyte. The COMPAQ DESKPRO 386/25 always has a minimum of 384 Kbyte ; 
of memory from OXFA0000 to OXFFFFFF. Other configuration ranges are: 













16 MB OXFFFFFF 
128 KB (ROM/RAN) | 
—_ OXFE0000 ‘ 
ee OXFA0000 ! 
——_re 0XF80000 | 
bt ee panne : 
14 MB . 
a 0XE00000 ; 
1 MB , 0Xx100000 . 
640 KB FL ROM/Video 0X0A0000 sf 
640 KB : 
0Xx000000 . 


NOTE: This code assumes that a bug in freerange() causes it to look 512 
bytes beyond the highest address given. The bug manifests itself only; 
at the 16-Megabyte address boundary, hence the search recognizes 
OXFFFDFF, rather than OXFFFFFF, as the highest address. 

If freerange() is altered, then the calling arguments presented here 
should also be altered. 


Debug printf's should be removed for production code. 

atom] macro divides by 512 

freerange (start, length); Verifies existence of RAM and adds 
it to the system freelist 


KKKKKKKKKKKKKKKEKKKKEKKKKEKKKKEKKKEKKKKKKKKKKEKKKKEKKKEKKKKKKEKRKEKEKKKKKKKKKKKKKKKKKKKKKKK 
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extern int cputype; /* Declared and initialized in Real mode */ 
short : 

pr 

freemem(fpage) 


pers fpage; 


register short npages, pages; 
extern char extmem:; 


/* first 640K */ 

pages = freerange(fpage, *atoml(Ox09FFFF)); 

npages = pages; 

printf("KB at 000000 = %d\n", pages/2); 

/* Normal 286 extended RAM from 1 MB to 16 MB */ 

/* On a 286, search all the way to 16 MB. Ona 386, */ 

/* search only to the beginning of COMPAQ high memory at */ 
/* OXF40000 a | 


pages = freerange(*atoml (0x100000), 
*atoml ( (cputype==0x386)? OXF3FFFF : OXFFFDFF) ); 
npages += pages 
printf('KB at 0x100000 = %d\n', pages/2); 
/* Look for highest COMPAQ DESKPRO 386/25 RAM. Because memory is */ 
/* contiguous from the first address to OXFFFFFF, quit the search */ 
/* after the first block is found. This action minimizes available */ 
/* memory fragments. */ 
pages = 0; 
while (cputype == 0x386) { 
pages = freerange(*atoml (OXF40000), *atoml] (OXFFFDFF)); 
if (pages) { 
printf('KB at OXF40000 = %d\n', pages/2); 
break; 
pages = freerange(*atoml (OXF80000), *atoml] (OXFFFDFF)); 
if (pages) { 
printf( KB at OXF80000 = %d\n', pages/2); 
break; 
pages = freerange(*atoml (OXFA0000), *atom)] (OXFFFDFF)); 
if (pages) { 
printf("KB at OXFA0000 = %d\n', pages/2); 
\ reak; 


pages = freerange(*atoml (OXFE0000), *atom] (OXFFFDFF)); 

if (pages) { 

printf("KB at OXFE0000 = %d\n', pages/2); 
Rvisnies 

Npages += pages; 

printf(" Total KB = %d\n', npages/2); 

return(npages) ; 


COMPAQ DESKPRO 386/25 Personal Computer 





S kk 
od 


‘a 4-238 Software Aspects and BIOS 


4.19 WEITEK 
COPROCESSOR 
INITIALIZATION 


Initializing 


Application programs should initialize the rounding mode, exception mask and timers 
before using the 1167, and restore the power-on initialization after completion. 
Power-on sets the rounding mode field to 03h (round toward nearest value for 
floating point numbers, round toward zero for integers) and the exception mask 
field to FFh (exceptions disabled). 


Execute the following instructions to restore the Weitek coprocessor 
power-on initialization: 
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;Check for type A coprocessor chip set (1167-XXX-GC-A) 


;set PCR bit 15 if 1163A 


‘not zero if 1163A 
-init multiplier 
- and ALU timers 


;Type A 
sinit multiplier timer 
-init ALU timer 


;Additional initialization regardless of coprocessor type 


wf ldctx OB8000000h 

wfstctx eax 

and ax, 8000h 

jnz short jlinit 
klinit: 

wf] dctx 16000000h 

jmp short ilinit 
jlinit: 

wf ldctx 56000000h 

wf ldctx 98000000h 

ilinit: 

wf ldctx 64000000h 

wf ldctx OA0000000h 

wf ldctx 30000000h 

wf ldctx O3FFOO00h 


‘init accumulate timer #1 
“init accumulate timer #2 
reserved mode bits to 0 
-init rounding mode (03h) 
sand exception mask (FFh) 


The initialization macros, wfldctx and wfstctx, are programmed as follows: 


;-Real mode addressing, Offset OFFFFh 


WTL116/7seg 
org 10h 
WIL1167off 
WTL1167seg 


segment 


at OFFFFh 


; start at next paragraph (10000h) 


label 
ends 


assume fs:WTL1167seg 


;Load context register: 


wfldctx macro 


value 


byte 


value --> context 


mov dword ptr WTL1167off[3ih shi 10] 


endm 
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Generating Weitek Coprocessor 
Assembler Instructions 


The Weitek coprocessor is mapped into 64k of the 80386 address space. Normal 80386 
MOV instructions generate the Weitek coprocessor instructions. The bus address 
created by the 80386 instruction selects the coprocessor, and supplies an encoded 
Weitek coprocessor specific instruction. The data transferred by the 80386 MOV 
instruction, is loaded into the appropriate Weitek coprocessor register. 


The most-significant 16 address bits select the coprocessor memory area. The next 
6 bits specify the coprocessor instruction to execute. The remaining 10 bits 
specify the appropriate Weitek coprocessor operand registers. 


Real Mode Addressing 


The Weitek coprocessor board resides at logical base address 100000h with 
instructions mapped into addresses 100000h to 1OEFFFh for MS-DOS applications. 
This segment of memory is ideal for the Weitek coprocessor because it does not 
conflict with the traditional one megabyte address range for MS-DOS. 


The COMPAQ Expanded Memory Manager (CEMM) driver translates the physical address of 
the Weitek coprocessor to an address space accessible by Real-Mode MS-DOS 
applications. CEMM maps the Weitek coprocessor logical address space to the 
physical address. CEMM puts the 80386 into virtual mode and uses memory paging to 
map logical addresses 100000h through 1OEFFFh to physical address space located at 
CO000000h the COOOEFFFh. Without this address translation, Real Mode MS-DOS 
programs could not access the Weitek coprocessor. 


CEMM activates the Weitek coprocessor address translation with the W=ON option. 
The W=OFF option deactivates the translation. The user should use the deactivated 
condition when not using the Weitek coprocessor. Some non-Weitek coprocessor 
applications are not compatible with its translated address. 


a rT OG Eo EOE 
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MS-DOS applications address the Weitek coprocessor by setting the appropriate 
segment register (for example, DS) to FFFFh, adding an address offset of 0010h (to 
access base address 100000h), then executing MOV instructions that generate Weitek 
coprocessor addresses between 100000h and 10EFFFh. The following example 
illustrates Weitek coprocessor instruction encoding for real mode programs: 


Coprocessor Segment = FFFF:0000h 
Offset to address 100000h = 0010h 
Opcode = ADD.S = 0000h 
Source of lst Operand = R1 = O0001h 
Source of 2nd Operand = R2 = O0008h 
Actual address generated (sum) = FFFF:0019h 


The segmented address, written FFFF:0019h, is equivalent to writing address 100009. 
The operands for the example register-to-register add instruction reside in Weitek 
coprocessor registers Rl and R2. 


The operand for a Weitek coprocessor memory-to-register instruction would be 
loaded into the MOV instruction source register. Execution of a double-word 
MOV instruction transfers the 32-bit operand to a designated Weitek 
coprocessor register. 


Protected Mode Addressing 


The Weitek coprocessor resides at physical base address C0000000h, with 
instructions mapped into addresses C0000000h to COOOOEFFFh. Protected mode 
programs use the physical address to access the Weitek coprocessor. The following 
example illustrates the Weitek coprocessor instruction encoding for protected 
mode programs. 


Suppose two single-precision numbers, stored in Weitek coprocessor registers Rl and 
R2, need to be added and the result stored in R2: 


Coprocessor Select = C0000000h 
Opcode = ADD.S = 0000h 
source of lst Operand = Rl = O0001h 
source of 2nd Operand = R2 = O0008h 


Actual address generated (sum) = C0000009h 


An 80386 MOV instruction that generates a physical address encoded from the above 
values causes the Weitek coprocessor to execute the floating point addition. 
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Exception Handling 


The Weitek coprocessor and the Intel 80387 generate an IRQ13 interrupt when either 
encounters an enabled exception. Application programs supply an IRQ13 interrupt 
service routine for any enabled Weitek coprocessor exceptions. The routine 
inspects the Weitek coprocessor Accumulated Exception byte to determine that the 
exception was caused by the Weitek coprocessor and takes appropriate action to 
resolve all unmasked exceptions. The routine then clears the exception byte and 
chains to the normal 80387 vector. 


Real Mode Exception Handling 


MS-DOS application programs handle IRQ13 interrupts by trapping INT 75h. After 
resolving Weitek coprocessor exceptions, the routine clears the exception byte 
and chains to the INT 75h vector. The INT 75h service routine clears the 
interrupt controllers and invokes the NMI handler (for compatibility with 
8088/8086 software). 


Protected Mode 
Exception Handling 


The Weitek coprocessor and 80387 coprocessors can be active simultaneously, so 
special care should be taken to preserve the integrity of 80387 exception handling 
done by the normal interrupt handlers. For more information on Protected-Mode 
exception handling, consult your operating system reference guide. 


nena ncn n,,n eee 
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w Multi-Task Use of 
Weitek 1167 


Multi-tasking operating systems must save and restore the 1167 environment for each 
task. The following sequence of events correctly saves and restores the 1167 
environment for each task switch: 


Assumptions: 
= Save and Restore do not execute at interrupt level 


= Task switch overhead sufficient to assure Weitek coprocessor is not busy during 
save and Restore operations 


Saving and Restoring the Weitek 
Coprocessor Environment 


The following procedure saves the Weitek 1167 environment. 





1. Disable interrupts (see Interrupt Handling, below). 

2. Save Weitek process context register. 

3. Save Weitek registers 0 through 31 (register 0 holds last data bus access). 
4. Test 8259A in-service register for pending interrupt, IRQ13. 

5. IF IRQ13 pending, then execute EOI for IRQ13, then execute EOI for IRQ2. 


6. Execute initialization routine (see Initializing section above for the 
coded routine). 


7. Restore process context register for the appropriate task. 
8. Restore Weitek registers 0 through 31 for the appropriate task. 


9. Enable interrupts. 


Rn ne ee eee ee Ie ee ee ee ee a I ET EE EL ET LIT DO EE EE 
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Multi-Task Interrupt Handling 


The Process Context register indicates an unmasked exception error if an interrupt 
occurs after the task switch disables interrupts. The interrupt save procedure 
stores the process context register and clears the interrupt from the 8259 
controllers. Restoration of the process context register causes the Weitek 
coprocessor to reassert the interrupt. 
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80386 microprocessor 2-11,2-20,4-1 
anomalies 4-10 
Protected mode 4-6 
software compatibility 4-7 
software features 4-6 
Virtual mode 4-] 

2-11,2-17 

8038/7 numeric coprocessor 2-20,2-82 

80387 segment overrun 4-153 

8042 keyboard controller 2-103 
command byte 2-110 
command codes 2-111 
input port 2-106 
keyboard controller 2-99 
port functions 2-103 
programming examples 2-113 
status register 2-109 
TEST input port 2-107 

8042-to-keyboard interface 2-101 

82385 2-2,2-9,2-11 

cache controller 2-15,2-16 


9 x 14 character cells 4-215 
9-pin asynchronous 


communications interface 1-8 


access rate 4-] 
ACE registers 13-7 


ACPP board functional 


block diagram 13-3 
ACPP connectors 13-18 
ACPP switches 13-17 
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active display page 4-212 
additional flags 2-96 
Address Strobe (ADS-) 2-27,2-28 
addresses - memory decoding 2-50 
alternate disk reset 4-180 
Alternate Status (3F6h, Read Only), 

Fixed Disk Drive 9-6 ,9-14 
anomalies, summary 4-10 
arithmetic interrupts 4-52 
ASICs 2-11 
Asynchronous communications 4-136 


I/O interrupts 4-137 
port initialization 4-14] 
ports 0, 1, 2, 3 4-129 


sense communications status 4-143 
Asynchronous Communications/Paral lel 
Printer (ACPP) Board 1-11,13-1 

block diagram 13-3 

communications circuits 13-6 

connectors 13-18 


printer circuits 13-14 
asynchronous port - status 13-13 
asynchronous ports 13-4 
attribute byte 11-24 
AUTO (system board) 2-8,2-117,4-32 
autocycle 6-2 
automatic 

execution 2-83 


segment wraparound 2-35 





BO 
Bl step 4-10 
base and current address 2-65 


base and current word 
count - channels 0-3 2-65 


2-117,3-3,3-15,4-34, 4-83 
base memory configurations 3-5 


base memory 


base memory size 2-95,3-5 
battery 2-125 
battery connector 2-125 
BIOS 4-43 

80387 coprocessor interrupts 4-64 


extension 4-84 
interrupts (see Interrupts) 4-46,4-47 
4-136 

asynchronous communications 4-137 
diskette drive 4-107,4-108 
fixed disk drive 4-176 
keyboard 4-148, 4-152 
miscellaneous 4-222 
printer 4-128 


processor 4-52 
RAM locations 4-49 


ROM locations 4-223 


ROM revision code 4-223 
RTC 4-67 


system 4-79 


Tick Counter/Real-Time 


Clock (RTC) 4-68 
type code 4-223 
video 4-192 
Speed parameters 4-3] 
type 4-22] 
video interrupts 4-192 
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block diagrams 


135-MB fixed disk drive backup 10-25 
40-MB fixed disk drive backup 10-3 


Asynchronous Communications/Paral lel 
Printer (ACPP) board 13-3 


diskette drive 8-3 
1-6,1-10,12-1 
fixed disk drive controller 

board (buffered) ]-4 
FPSE board /-3,/7-4 
FPSW board 7-6 
interrupt controller 2-71 
I/O address decoding 2-51 
keyboard 5-0 


keyboard controller 2-100 


video display controller board 11-4 
BLOCK mode 2-65 


BLOCK move 3-10,4-96 
Block Move Descriptor Table 4-99 
Boot Fail (INT 18h) 4-105 
Bootstrap (INT 19h) 4-106 


bootstrap operations 4-79 
Bound Exceeded (INT 05h) 4-56,4-129 


BRDY- 2-2] 
buffer 4-49 
Built-in User Memory 3-19 
bus 
arbitration 2-48 
controller 2-4] 


memory cycles 2-35 
ready 2-2] 


dual-mode monitor 
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C 


CBI 
Cache 3-1 
25-MHz 82385 Cache Controller 
bus interface 1-1 
2-1,2-20,2-26 
Cache Bus Interface (CBI) 3-1,3-3 


bus interface IC (CBI) 2-11,2-28,2-34 
controller 2-20,2-27,2-34, 2-48, 2-49 


memory 3-3 
subsystem 2-1 
subsystem (82385) : 2-1 
system 2-1 
system (cache) 2-1 


cache/bus controller 2-2 
CACHE. EXE 4-38 
Cancel Event Wait 4-90 
CBI (see Cache, Bus Interface) 

CEMM (see COMPAQ Expanded 

Memory Manager) 


character byte 11-24 
format 11-23 


codes 11-25 


generator 11-8 
character - set jumper 11-33 


check for enhanced key in 
type-ahead buffer 4-161 


check for key available 4-156 


check the keyboard LED 
indicator status 2-113 


checksum method 4-40 
clearing the BUSY- signal 2-83 
CLI instruction 2-/0 
clock circuits 2-101 
clock/calendar functions 4-68 
color ID 4-208 
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color monitor 12-1 
modes 12-1 
register 4-206 
values and the resulting colors 4-208 

Color-to-Intensity conversion by 


dual-mode monitor 12-5 
COM1 port addresses 4-49 
COM2 port addresses 4-49 7-7 
Command (1F7h, Write Only), 

Fixed Disk Drive 9-16 


Command Protocol, 135-MB 
Tape Backup 2-62 


command register bits 2-111 
Command/Status register 2-108 
Commands 
40-MB tape backup 10-5 
135-MB tape backup 10-29 
system to keyboard _ 5-24 
communications I/0 4-140 
COMPAQ Built-in Memory 
Data Structure 4-42 
COMPAQ Built-in Memory 3-6,4-41 
COMPAQ Expanded Memory Manager 1-8,4-33 
AUTO 4-36 
driver 4-34 
privileged operation 
error messages 3-20 
COMPAQ External Expansion Unit 14-1 
COMPAQ SETUP 2-8/7 
COMPAQ Tape Host Adapter 10-31 
compatibility 2-4] 
color monitor 12-1 
dual-mode monitor 12-24 
composite modulator outputs 11-29 
composite-video connector 11-39 
composite-video monitors 11-29 








Configuration bytes 
OEh 2-92 


OFh 2-92 
10h 2-93 
12h 2-93 
14h 2-94 
15h and 16h 2-95 
17h and 18h 2-95 
19h 2-96 
LAh 2-96 
2Dh 2-96 
2Eh and 2Fh 2-97 
30h and 3lh 2-97 
32h 2-98 


33h--system information 2-98 
configuration memory system 2-87 ,4-43 
configurations, DESKPRO 386/25 1-7,1-9 
configurations, fixed disk drives 9-4 


configure the system board 2-117 
configuring the 32-bit system 
memory board 3-28 
connectors 

40-MB tape backup 10-22 


asynchronous communications 13-18 


asynchronous communications/paral lel 


printer board 13-18 


composite-video 11-39 
diskette drive 8-6 


dual-mode monitor 12-4, 12-7 
ESDI fixed disk drive controller 2-27 


multipurpose fixed disk 
drive controller 1-2] 


keyboard 5-34 
lightpen 11-40 
parallel printer 13-19 
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Connectors (Continued) 


power supply 6-5 
RGBI 11-40 


system board 2-119 
tape backup 10-22, 10-27 
tape host adapter 10-37 
video display controller board 11-36 


consecutive I/O accesses 4-8 


Control register 10-34 


control word 2-18 

controllers 
CRT 6845 11-6 
DMA 2-56 
diskette drive 7-11 
fixed disk drive /-1 
interrupt 2-6/7 
keyboard 2-98 
video display controller board 11-6 

coprocessor 2-52 
80387 2-82 
identification routine 4-3 
initialization 2-84 
installed switch 2-20 
instructions 4-25 


interrupts 4-64,4-66 
not installed 2-20 


Weitek (see Weitek coprocessor) 


countdown timer variable 4-6/7 
counter latch 2-18 
CPU 2-11,4-46 
adjustable 2-8 
common 2-8 
FAST 2-8 
HIGH 2-8 
interrupts 4-52 


operations 2-11 
speed 4-32,4-163 
speed controls 2-8 
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CPU interface, video 11-6 
CPU modes 
Protected 4-36,4-43 ,4-98 
Real 4-36,4-43 
Virtual 4-36 
CRT (see monitor) 
CTRL/BREAK/Service 4-165 
Current Address - Channels 0-3 2-66 


Current Word Count - Channels 0-3 #£2-66 


D 
Data I/O register 2-107 


data lines 2-103 


Data register 
135-MB tape backup 10-34 
fixed disk drive 9-6 
date, century 2-98 
decimal keyboard codes 4-151 
decrease keyclick loudness 4-151 


default system speed 2-117 
Default Video Initilize 


Parameter Table 4-216 
determine attached keyboard 4-165 
determine COMPAQ product 4-226 
determine CPU type 2-3 


Device 
Close 4-8] 
functions 4-103 
Open 4-86 
Post 4-102 
Wait 4-101 
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diagnostic 


Read and Write cycles -30 


2-84 
Direct Memory 2-1,2-9,2-14, 
Access (DMA) 2-38,2-48 
channels assigned to 
the controllers 2-56 
Controller registers 2-60 
controller 2-34,2-61 
cycles 2-26 
Memory Page register 2-91 ,07 99 
memory read 2-31 
memory write 2-32 
operations 2-56 
read cycle 2-2] 
subsystem 2-1 
directory information, 40-MB 
Tape Backup 10-18 
Disk Cache 1-8 
diskette drive 


1.2-MB 1-10,8-1,8-3 
1.44-MB 1-10,8-1,8-3,8-4 
360-KB 1-10,8-1,8-4 
connector 8-6 
control connectors 8-6 
drive A or B selection 8-3 
error codes 4-108 
interrupts 4-107 
I/O function summary 4-113 
media state byte 4-109 
memory locations 4-109 
parameter table 4-117,4-126 
power connector 2-122,8-6 
selection 8-3 
sense status 4-115 
settings 4-107 
signals 8-6 
specifications (1.2-MB, 

1.44-MB, 360-KB) 8-5 





diskette drive (Continued) 


Status code error 4-112 

Status codes 4-112 

type 2-93,4-121 
diskette formatting 

1.44-MB diskettes 4-108 

1.2-MB diskettes 4-108 
Diskette 1/0, interrupt 4-109 


display (see monitor) 
displays 


graphics 11-26 
text 11-24 


DMA (see Direct Memory Access} 


dot patterns 4-205,4-206 
Double Fault (exception 8) 4-15 


Double Page Fault 4-26 
double-word (dword) 3-2 


double-word read 2-35 
DRAM refresh 2-48 
Drive Address (3F7h, Read Only), 

Fixed Disk Drive 9-16 
drive C type 2-96 
drive control byte 4-188 


Drive Control (3F6h, Write Only), 
Fixed Disk Drive 9-15 


drive D type 2-96 


Drive Select/Head (1F6h), Fixed 
Disk Drive 9-1] 


dual-mode monitor 1-6,1-10,12-1 


dual-mode monitor display modes 12-4 
dynamic RAM devices 3-28 
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BO 
ECC 4-177 


eight expansion slots 1-6 
Enable mode 11-34 


End-of-Interrupt (E0OI) 2-73 


enhanced 
color graphics board 1-10 
keyboard 1-6,2-98 
enter Protected mode 4-98 


equipment configuration word 4-82 


equipment installed 2-94 
Error (1Flh, Read Only, Fixed 

Disk Drive) 9-7 
ESDI Fixed Disk Drive 

controller (buffered) 9-27 ,9-29 


ESDI Fixed Disk Drive 
controller (external ) 14-3,14-11 


event wait 4-89 
exception handling 2-83 ,2-84,4-242 
Execute Controller Diagnostic (90h), 

Fixed Disk Drive 9-23 
expansion slot power allocation 6-4 
expansion slots 1-7 
EXTDISK.SYS 14-11 
extended memory 1-8,4-34 
extended memory determination 4-97 
extended memory size 2-95 


external bus masters 2-26 
external ESDI fixed disk 

drive controller 14-3,14-11 
external high-scan video 11-34 
external interface adapter board 14-11 
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Fail-safe timer 
FAR Jump located near 


2-68,2-/4 


page boundary 4-18 
FAST speed 4-32 


file 
allocation table, 40-MB 
tape backup 10-16 
Fixed Disk Controller (ESDI) 9-27 
block 1-29 


control signals /-27 
jumpers 7-26 
reset system 4-169 
status codes 4-185 
information, 40-MB tape backup 10-12 
Storage, 40-MB tape backup 10-10 
fixed disk drive controller 
error reporting 9-26 
fixed disk drive (ESDI) - commands 7-25 
fixed disk drive 4-176 
control cable connector 7-29 
control connector signals 1-34 
data cable connector 1-29 


data connector signals /-34 
data signals 1-29 
drive 1 parameter table 4-187 


drive 2 parameter table 4-188 
format track 4-174 


functions 4-168 


get drive parameters 4-175 
get type of drive 4-184 


initialized fixed disk 


drive parameters 4-176 
interrupts 4-166 


operation 4-166 
parameter table values 4-188,4-189 
printer 4-128 
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fixed disk drive, (Continued) 


programming 9-5 
read long 4-177 


read sectors 4-171 
recalibrate drive 4-182 
reset 4-169 
seek cylinder 4-179 
sense status 4-170 
status codes 4-168,4-185,4-186 
test drive ready 4-181] 
types 2-93,9-2 


verify sectors 4-173 


write long 4-178 


write sectors 4-172 


Fixed Disk Drive Controller Board, 


ESDI buffered 9-27 ,9-28 
base address 9-27 ,9-29 
block diagram 7-29 
component layout 1-2 
connectors 1-29 
schematics 7-40 

format track 4-119,4-174 

format a track 4-107 

Format Track (50h), Fixed 

Disk Drive 9-17,9-21 

freerange 4-237 

FSAVE, FRESTOR, FSTENV and 

FLDENV Instruction 4-13 

fully nested mode 2-70 

fuses 6-3 

G 

general BIOS services 4-79 

get change line status 4-107 

get drive DISKETTE CHANGE- 4-123 
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get drive parameters 4-175 | 
get drive type 4-107,4-122 identification area 
get enhanced key from type-ahead 4-160 40-MB tape backup 10-12 
get enhanced key status 4-162 code 4-22] 
get key 4-155 parameters, 40-MB tape backup 10-18 
get key function 4-155 Identify (ECh), Fixed Disk Drive 9-23 
get printer status 4-135 increase keyclick loudness 4-151 
get type of drive 4-184 Initial 
Global Descriptor Table register 4-23 Display mode 4-192 
graphics displays 11-27 interrupt controller values 2-12 
Graphics mode 4-205,11-27 values for 6845 
Internal registers 11-16 
Initialize 4-42 
H asynchronous port 4-136 
high 2-117 display in one of 
high-definition character several formats 4-192 
set adjustment 4-196 Drive Parameters (91h), fixed 
high-resolution display mapping 4-199 disk drive 3-24 
high-scan mode 11-29,12-4 fixed disk drive parameters 4-176 
HIGH speed 2-117, 4-32 port 4-141 
HIGHest speed mode 2-117 printer 4-134 
HOLD 9-56 Weitek coprocessor 4-238 
input during interlevel IRET 4-22 inner-level stacks 4-22 
request 9-34 integrated memory management 4-6 
state 2-9 Intel 
horizontal 8042 microcomputer 2-52 
scan frequency 12-4 8237 DMA 2-96,2-9/ 
sync polarity 11-33 8042 2-98 
timing, video 11-30 82385 cache controller 1-7 
80386 1-7 


interconnect system 2-3 
interleaving 4-9 
internal/external display select 4-151 
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internal monitor signals —si11-31 Interrupts (continued) 
international power supply sO -3 CPU Interrupts 00 
interrupt call fundamentals 4-45 INT OOh - CPU - Divide by Zero 4-54 
interrupt controller 2-67, 2-70,4-47 INT Olh - CPU 
functional diagram ——s—s—si-zL Debug Exceptions 4-54 
values 2-12 INT 03h - CPU 
Interrupt Descriptor Software Breakpoint 4-55 
Table (IT) 415, 4-45 INT 04h - CPU 
Interrupt Vector Table 4-45 Arithmetic Overflow 4-55 


Diskette Drive Interrupts 
INT OEh - IRQ6, Diskette Drive 
Interrupt - CPU 


Interrupts 


Asynchronous Communications 
INT OBh - HW - IRQ3, Com, 


Secondary - CPU - Segment Page Fault 40, 4-112 

Not Present 4-58, 4-138 INT 13h - Diskette Drive I/0 4-113 

INT OCh - HW - IRQ4, Comm, Primary INT 13h, AH = OOh - Reset Diskette 

- CPU - Stack Drive System 4-114 

Segment Overflow 4-59 4-112 INT 13h, AH = Olh - Sense Status 

INT 14h, AH = 03h - Sense of Last Operation 4-115 

Communications Status 4-143 shige isicitlincl 

INT 14h - SW Read Sectors 4-116 

Communications 1/0 4140 Een Atay ane = ae 

INT 14h, AH = OOh Write Sectors 4-117 

Initialize Port 4-141 INT 13h, AH = 04h 

INT 14h, AH = Olh Verify Sectors 4-118 

Transmit Character 4142 ae ane Se = ae 

INT 14h, AH = 02h Format Track 4-119 

Receive Character 4-143 ne eee ee wert Renee 
Coprocessor Interrupts 4-64 Drive Parameters 4-121 

INT O7h - CPU - Coprocessor INT 13h, AH = 15n - Get 

Not Present 4S 164A | anes eT 

INT 09h - CPU Coprocessor Segment INT 13h, AH = 16h - Get Drive 

Overrun - HW - IRQ1, Keyboard 4-65 DISKETTE CHANGE-Signal Status 4-123 

INT 75h - HW-1RQ13, INT 13h, AH = 17h - Set Drive Type 

Coprocessor Error 4-66, 4-67 for Format 4-124 

INT 13h, AH = 18h - Set Media 
Type for Format 4-125 
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Interrupts, Diskette Drive (continued) 


INT 1Eh - Diskette Drive Parameter 


Table Vector 4-126 
INT 1Eh - PTR - Diskette Drive 
Parameter Table Vector 4-126 
INT 40h - SW - Diskette 

Drive I/0 4-127 


Fixed Disk Drive Interrupts 
INT 13h - Fixed Disk Drive I/0 4-167 
INT 13h, AH = OOh - Reset Fixed 


Disk Drive System 4-169 
INT 13h, AH = Olh - Sense Status 
of Last Operation 4-170 


INT 13h, AH = O2h 
Read Sectors 4-171 
INT 13h, AH = O3h 
Write Sectors 4-172 
INT 13h, AH = 04h 


Verify Sectors 4-173 
INT 13h, AH = O5h 


Format Track 4-174 
INT 13h, AH = O8h - Get 


Drive Parameters 4-175 
INT 13h, AH = O9h - Initialize 

Fixed Disk Drive Parameters 4-176 
INT 13h, AH = OAh - Read Long 4-177 
INT 13h, AH = OBh - Write Long 4-178 
INT 13h, AH = OCh 

seek Cylinder 4-179 
INT 13h, AH = ODh - Alternate 

Disk Reset 4-180 
INT 13h, AH = 10h - Test 


DRIVE READY- 4-181 


INT 13h, AH = lih 


Recalibrate Drive 4-182 
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Interrupts, Fixed Disk Drive (Continued) 


INT 13h, AH = 14h 


Controller Diagnostic 4-183 
INT 13h, AH = 15h - Get Type 

of Drive 4-184 
INT 17h, AH = O2h - Get 

Printer Status 4-135 
INT 1Bh - SW 

CTRL/BREAK/Service 4-165 
INT 41h - Fixed Disk Drive 1 
Parameter Table 4-187 
INT 46h - Fixed Disk Drive 2 
Parameter Table 4-188 
INT 76h - HW - IR14, Fixed Disk 
Drive Interrupt 4-19] 


Keyboard Interrupts 


INT 09h - HW - IRQ], Keyboard 
Interrupt, CPU 
8038/7 Segment 4-65,4-153 


INT 16h, AH = OOh - Get Key 4-155 
INT 16h, AH = Olh - Check For 


Key Available 4-156 
INT 16h, AH = O2h - Read 

SHIFT Status 4-157 
INT 16h, AH = 03h - Set Repeat Key 
Rate and Delay 4-158 


INT 16h, AH = O5h - Place Scan 

Code and Character in 

Type-Ahead Buffer 4-159 
INT 16h, AH = 10h - Get Enhanced 
Key From Type-Ahead Buffer 4-160 
INT 16h, AH = 11h - Check for 
Enhanced Key in 


Type-Ahead Buffer 4-161 
INT 16h, AH = 12h - Get Enhanced 


Key Status 4-162 
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Interrupts, Keyboard (continued) system Interrupts 


INT 16h, AH = FOh - Set 


Print Character 4-133 
INT 17h, AH = Olh 

Initialize Printer 4-134 
INT 17h, AH = O2h - Get 

Printer Status 4-135 


INT 02h - Non-Maskable 


System Speed 4-163 Interrupt (NMI) 4-80 
INT 16h, AH = Flh - Read Current INT 1lih 
system Speed 4-164 Equipment Configuration 4-81 
INT 16h, AH = F2h - Determine INT 12h - Base Memory Size 4-83 
Attached Keyboard 4-165 INT 15h - BIOS Extension 4-84 
INT 1Bh - SW INT 15h, AH = 4Fh - Keyboard Scan 
CTRL/Break/Service 4-165 Code Interrupt 4-85 
INT 16h - SW - Keyboard I/0 4-154 INT 15h, AH = 80h 
Miscellaneous Interrupts Device Open 4-86 
INT ODh - IRQ5 4-60 INT 15h, AH = 81h 
INT OAh - Invalid TSS 4-57, 4-223 Device Close 4-8/7 
INT ODh - General Protection 4-60 INT 15h, AH = 82h 
INT 1Fh - PTR - Dot Table 4-46 Program Terminate S488 
INT OAh - Simulated IRQ2 4-57,4-223 INT 15h, AH = 83h, AL = 00h 
INT 73h - IRQU1 4-224 lL Et Bed 
INT 77h - HW - IRQI5  ©~=~—«4-225 INT 15h, AH = 83h, AL = Olh 
ee Cancel Event Wait 4-90 
INT 74h - HW - IRQI2 4-225 ear eae rh 
INT 72h- IRQIO. + 4-224 INT 15h, AH = 84h - Joystick 4-91 
INT 71h- IRO9~~—~”~—«S-2203 INT 15h, AH = 85h - SYS REQ 
ee Key Routine 4-93 
Printer Interrupts INT 15h, AH = 86h 
INT OSA - SW - Print Screen Unconditional Wait 4-95 
CPU - Bound Exceeded 4-56,4-129 INT 15h. AH = 87h - Block Move 4-96 
~ oS oe es INT 15h, AH = 88h - Extended 
1, i eS Memory Determination 4-97 
INT 17h - SW - Printer I/0 4-132 INT 15h. AH = 89h - Enter ———<Ct—twts 
INT 17h, AH = 00h Protected Mode 4-98 


INT 15h, AH = 90h 
Device Wait 4-101 


INT 15h, AH = COh - Return 


system Environment 4-104 
INT 18h - Boot Fail 4-105 


INT 19h - SW - Bootstrap 4-106 


a a 
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Tick Counter/Real Time Clock Video Interrupts 
(RTC) Interrupts INT 10h, AH = BFh - Video 
INT O8h - IRQO Tick Counter BIOS Extensions 4-214 
Interrupt CPU INT 10h, AH = 13h 
Double Fault 4-57,4-70 Write String 4-213 
INT 1Ah, AH = OOh - Read INT 10h, AH = 04h - Read 
Tick Counter 4-72 Lightpen Position 4-200 
INT 1Ah, AH = Olh - Set INT 10h, AH = OEh - Write TTY 4-211 
Tick Counter 4-73 INT 10h, AH = OFh - Read 
INT 1Ah, AH = 02h - Read Video State 4-212 
RTC Time 4-73 INT 10h, AH = ODh 
INT 1Ah, AH = 03h - Set Read Pixel 4-210 
RIC Time 4-74 INT 10h, AH = OCh 
INT 1Ah, AH = 04h - Read Write Pixel 4-209 
RIC Date INT 10h, AH = OBh - Set 
INT 1Ah, AH = 05h - Set Color Palette 4-208 
RIC Date 4-15 INT 10h, AH = OAh - Write Character 
INT 1Ah, AH = O6h - Set at Cursor Position 4-207 
RTC Alarm 4-15 INT 10h, AH = 09h - Write Attribute 
INT 1Ah, AH = 07h - Reset and Character at 
RTC Alarm 4-76 Cursor Position 4-206 
INT 1Ah - SW - Tick 10h, AH = 08h - Read 
Counter/RTC 4-71 Attribute and Character 
INT 1Ch - SW - Tick at Cursor Position 4-205 
Counter Service 4-76 INT 10h, AH = O7h - Scrol] 
INT 4Ah - SW - RTC Active Page Down 4-203 
Alarm Service 4-7] INT 10h, AH = O6h - Scroll 
INT 7Oh - HW - IRQ8 Active Page Up 4-201 
RIC Interrupt 4-18 INT 10h, AH = O5h - Select 
Video Interrupts Active Display Page 4-201 
INT 1Dh - PTR - Video INT 10h, AH = O3h - Read 
Parameter Table 4-126 Cursor Position 4-198 
INT 10h, AH = BFh, AL = 04h INT 10h, AH = O2h - Set 
Set Mode-Switch Delay 4-214 Cursor Position 4-197 
INT 10h, AH = BFH, AL = OOh-Switch INT 10h, AH = Olh - Set 
to 8 x 8 Character Cell 4-214 Cursor Type 4-196 
INT 10h, AH = BFh, AL = Olh-Switch INT 10h, AH = OOh - Set 
a to 9 x 14 Character Cell 4-215 Video Mode 4-195 
INT 10h - SW - Video I/0 4-194 
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interrupts and their priorities 2-12 


interval timer control 


word format 2-80 
Interval Timers 2-74,4-31 
architecture 2-17 
counter latch command 2-81 
functions 2-75 
initial values 2-79 
operating modes 2-79 
initial values 2-7/9 
port assignments 2-18 
read back command 2-81 
IOPL (1/0 Privilege Level) 4-24 
1/0 addresses 2-83 
I/O addresses above 1000h 4-20 
1/0 ports 
asynchronous communications 7-15 
COM1 /-9 
COM2 /-] 
diskette drive controller /-7 
fixed disk drive controller 7-10 


interval timer 2-78 


multipurpose fixed disk drive 
controller boards /-] 


parallel printer controller /-7 
RTC 2-78 


1/0 subsystem 2-1,2-50 
IRET to Task State Segment (TSS) 4-15 
IRQ1, Keyboard Interrupt 4-153 
IRQ3, Comm, Secondary 4-138 
IRQ4, Comm, Primary 4-139 
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J 
J121 and J122, 32-Bit Memory 
Board Connector 2-121 
J402, RF Modulator Connector 11-38 
Joystick 4-9] 
Jumpers 

bufferd ESDI fixed disk 


drive controller 9-26 


multipurpose fixed disk 
drive controller 7-26 
video display 


controller board 11-33,11-34 


K 


key locations, U.S. English 5-2 
Key Make/Break Codes 5-14,5-15,5-20 
key repeat rate values 5-26 
Keyboard 
BIOS information, miscellaneous 4-151 
block diagram 5-3 
buffer 5-4 
clock 2-103 
commands from the system 5-6 


communication 2-103 
communication protocol 5-5 
connector 2-124,5-34 
controller 2-98,2-100 

command codes 2-111,5-5 


functional block diagram 2-100 
1/0 port 2-107 
port functions 2-103 


transmission 5-/ 
data format 2-102 
data handling 5-6 
data timing paramters 2-103 
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Keyboard, (Continued) 
decimal codes 4-151 


features 5-4 


get key function 4-155 
indicators 4-148 
interface (communications) 2-98,5-4 
interrupts, BIOS 4-65 
1/0 4-154 
layouts - U.S. English 5-2 
LED indicators 4-149 5-26 
responses to the system 5-29 
scan code interrupt 4-85 
scan codes 2-99,5-10 
5-14,5-20 
specifications 5-4,5-5 
versions 5-1,A-1 
keyclick loudness 4-150 
Ce 
Landing Zone Cylinder 4-191 
Lightpen 4-197 
connector 11-40 
resolution 4-200 
LIM 1-8,2-18 
page frame 4-34 
software interface 4-37 
standard 4-33 
linear address 
field 4-12 
space 4-6 
Load Segment Limit (LSL) 4-22 
local bus 2-1 
look-up table 4-195 
Lotus-Intel-Microsoft (LIM) 
Expanded Memory 1-8, 4-33, 4-36 
LRU 2-1/7 


LSL/LAR/VERR/VERW Instructions 4-26 
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MO 
machine ID 4-223 
Machine Status Word (MSW) 2-80 


machine type code 4-60,4-223,4-227 
main power connector 2-124 
mapping 4-4] 
maskable interrupts 2-6/7 
master reset 2-60 
math coprocessor (80387 or Weitek) 2-82 
maximum number of heads 4-121 
maximum number of sectors 4-171 
maximum sector count 4-117 
media, determination 4-107 


Memory 3-1 


address decoding 2-51 
addresses 2-84 


architecture 3-3 
built-in 4-41 
bus timing requirements 2-33 
checksum 2-97 
configurations available 3-4 
devices 3-2 
diagnostics register 4-4] 
error code definitions for bits 3-21 
locations used by 4-64 
asynchronous communications 4-137 
BIOS 4-49 
coprocessor interrupts 4-64 
diskette drive interrupts 4-109 
fixed disk drive interrupts 4-166 
keyboard interrupts 4-152 
miscellaneous interrupts, HW 4-222 
printer interrupts 4-129 
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Memory (Continued) 
processor interrupts 4-52 ,4-53 
system interrupts 4-79 


tick counter/real-time 

clock 4-68,4-69 

video interrupts 4-192 ,4-193 
map - 256-KB base memory 3-8 
map - 512-KB base memory 3-7 
map - 640-KB base memory 3-5 
map, RIC 2-8/7 
map, system 2-8/7 
mapped interface 2-8] 


mapping operations 4-4] 
modules 3-1,3-3 


over 1 MB 2-97 
paging 4-6 
parity error codes 3-20 
parity errors 3-28,4-79 
physical 3-16 
read cycles 2-29 


relocation registers 4-4] 
settings for the 1-MB 


32-bit system memory board 3-14 
settings for the 4-MB 
32-bit system memory board 3-15 


$size argument 4-34 
video 11-7 
write cycles 2-27,2-29 
memory-to-memory block transfers 2-61 
mixed address sizes 4-16 
MODE command 4-31 


parameters 4-31 
MODE HIGH SPEED=command 4-3/7 
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MODE SPEED 
=XX 2-7/5 
=COMMON 2-76 
=FAST 2-/6 
mode, Video 11-7 
low-scan 11-7 
high-scan 11-7 
monitor 11-29 
color 1-10 
composite-video 11-29 
CRT 
dual-mode 1-6,1-10,12-1 
dual-mode, functions 12-4 


dual-mode power connector 12-/ 
dual-mode signal connector 12-/ 
frequency data 12-1 
monochrome 1-6 
power connector 2-124 
resolution, display 12-4 
signal connector 12-7 
specifications 12-3 
supported 11-29 
MS-DOS MODE command 2-8 


MS-DOS compatibility 4-228 
MS-DOS mode speed command 2-/ 


Multi-Task Interrupts 14-244 


Multi-Task Usage 14-243 
multitasking support 4-70,4-79 


Multipurpose Fixed Disk Drive 
Controller Board 


block diagram 7-3,/-4 
board circuits 7-10 
component layout 1-2 
connectors /-2/ 
host adapter 7-34 
I/O ports /-/7 
jumpers 7-26 
port addresses 7-10 
printer circuits 1-22 
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Multipurpose Fixed Disk Drive 


Controller Board (Continued) 
schematics /-41,7-54, 
7/-56,/-5/7, 

7-59,7-60,7-61,7-62, 


switches 


N 

NAB- 2-2] 
Nested Task (NT) 4-24 
Non-CPU bus cycles 2-37 
NMI (see Non-Maskable Interrupt) 

NMI routine 2-68,4-80 
Non-Maskable Interrupt (NMI) 2-68,4-80 


not present 4-20 
NT (see Nested Task) 


number of expansion bus cycles for 
typical CPU operations 2-36 
number of sectors per track 4-121 


numeric coprocessors (see 80387 
or Weitek) 1-5 


OO 
(ON) parameter 4-39 


one-shot timeout 2-74 


opcode field incorrect 4-12 
Operating Mode register 2-63 


output port of the 8042 2-105 
overflow 4-139 
overrun 4-153 


p 


Page Fault 4-26 
page frame address selection 4-34 


error code on stack 4-19 
linear address 4-19 
Parallel Printer registers 13-7 


parameters, video modes 4-216 
parity 3-20 
parity errors 2-68,3-28 
physical memory 3-16 


pixel position 4-200 
Port 070h 2-70 


Port O6lLh 2-69 


port addresses for DMA channels 2-59 
posted write 2-14,2-1/7 
posted write logic 2-19 


power allocation, expansion 
bus slot and monitors 6-4 


power connector 6-5 
power requirements - keyboard D=30 
power supply 6-5 
power-down sequence 6-2 
power-on 


on sequence 6-1 
system initialization 4-39 


testing 3-28 
predefined interrupts 4-52 
printer 4-129 


BIOS support 4-128 
character 4-133 


initialize 4-134 
Interrupt 4-128 4-131 
1/0 4-132 


port enable 1-22 


screen 4-129 
status 4-135 
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printing characters 4-128 
processing interrupts 4-52 
processor (80386 and numeric 

coprocessor) 2-1 


processor identification routine 4-1,4-3 
processor modes 


Protected 4-36,4-43 ,4-98 
Real 4-36,4-43 
Virtual 4-36 
program execution speed 4-9 
program terminate 4-88 
programmable I/0 devices 4-40 


programming 
8042 2-103 


interval timer 2-78,4-6/7 


video display controller 11-14 
Protected mode 2-83 ,2-92,2-99 


addressing 4-24] 
exception handling 14-242 


initialization 4-236 


operation system 4-228 


R 
RAM 


Diagnostics register 3-11 


initialization tests 4-40 
refresh 2-6/7 


Relocation register 3-10 
Setup Port register 3-13 


read 


Attribute and Character 
at Cursor Position 4-205 


back 2-78 
Buffer (E4h), Fixed Disk Drive 9-25 


current system speed 4-164 
cursor position 4-198 
cycle 2-2/,2-29 
drive parameters 4-121 
lightpen position 4-200 
Long (22h or 23h), fixed 
disk drive 9-19 
pixel 4-210 
RTC DATE 4-74 
RTC TIME 4-73 
sectors 4-107, 4-116, 4-171, 9-19 
SHIFT Status 4-157 
Status 4-107 
tick counter 4-61,4-72 
video state 4-212 


Read- and Write-character 
functions 4-205 


reading from the screen memory 4-192 
reading the printer status 4-128 
ready/busy protocols 4-8 

2-83,2-92,2-99, 


Real Memory mode 4-36, 4-43 
Real mode 2-99 
addressing 4-240 
addressing, Weitek coprocessor 4-240 


exception handing, 


Weitek coprocessor 4-242 


Real mode initialization 4-236 


ru mmm a ee 
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Real-Time Clock (RTC) 2-52, 2-87, 4-67 
alarm service 4-77 
interrupt (IRQ8) 4-78 
memory location 2-89 
tick counter 4-70 

Real-Time Clock and Configuration 

Memory device 2-52 

recalibrate drive 9-18 

receiving characters 4-136 

refresh 2-74 
cycle 2-2/7,2-30 
occurs 2-74 
operations 2-6/7 
RAM 2-6/7 
rate 2-6/7 
request 2-/]4 

registers, ACE, ACPP 13-7 

relocate VGA font vectors 4-235 

reserved registers 4-7 


reset 


code byte 2-92 


codes, normal 4-44 
diskette drive 4-107 


diskette drive system 4-114 
fixed disk drive system 4-169 


mask 2-6/7 


pointer flip-flop 2-59 
return system environment 4-104 


revision code 4-22] 
ROM 
errors - initialization tests 4-39 


errors - revision code 4-223 
mapping 3-9 
system 2-85 


ROM/EPROM speed requirement 2-86 
RTC (see Real-Time Clock) 
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save Set Decriptions, 40-MB 

Tape Backup 10-15 
saving and restoring, Weitek 4-243 


scan code/character pair 4-155 
Scan codes 5-10,5-14,5-20 


scan modes 5-15 
schematics 
1-MB 32-bit memory module 3-43 
4-MB 32-bit memory module 3-48 


1-MB 32-bit system memory board 3-29 


4-MB 32-bit system memory board 3-26 
external ESDI fixed 
disk controller board 14-17 


FPSE board 7-41 
FPSW board 1-54 


system board 2-126 
tape host adapter 10-40 
video display controller 11-42 


video display controller board, 
assembly number 000345 11-45 


video display controller board, 

assembly number 000525 11-49 
scroll active page down 4-203 
scroll active page up 4-201 
scrolling a window 4-192 


sector 
count 4-171, 9-9 
ID 4-173 
Number (1F3h), Fixed Disk Drive 9-9 
verification 4-173 


security lock connector 2-125 
seek cylinder 4-179 
Seek (7xh), Fixed Disk Drive 9-18 
segment not present 4-138 
select active display page 4-201 
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sense communications status 4-143 
sense status of 
last operation 4-115,4-170 
Serial (Asynchronous) Port 
initialization 4-141 
receive 4-143 
timeout function 4-136 
transmit 4-142 
set 
color palatte 4-208 
cursor position 4-197 
cursor type 4-196 
drive type for format 4-107,4-124 
media type for format 4-125 
mode-switch delay 4-216 
repeat key rate and delay 4-158 
RTC DATE 4-74 
RTC TIME 4-75 
system speed 2-76,4-163 
tick counter 4-73 
Video mode 4-195 
SETCLOCK 2-8] 
setting IOPL and NT bits 4-24 
setting the PE bit 4-43 
SETUP 3-16 


shunt, COM1 7-21 
Signal connector 


Signal status 4-123 


dual-mode monitor 12-10 


RGBI video 12-10 
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signals 


color monitor 12-3 


composite-video connector 11-39 
Connectors J401-J405 11-38 


diskette drive 8-6 
dual-mode monitor power connector 12-/ 


dual-mode monitor 


Signal connector 12-7 
internal monitor connector 11-37 
keyboard connectors 5-33 
lightpen 11-40 
power suppl y 6-5 
RF modulator connector 11-38 


simulated system speed values _2-9,2-/6 
Single-Stepping First 


Iteration of REP MOVS 4-15 
size and allocate system RAM 4-228 
SMAP 2-11,2-98 
software DRQx request 2-65 
software interrupt 2-68 
software reset 4-44 
Speaker connector 2-123 
speaker interface 2-123 
special BIOS ROM locations 4-226 
specifications 
40-MB tape backup 10-4 
110-MB fixed disk drive 9-28 
135-MB tape backup 10-24 
300-MB fixed disk drive 9-30 
COMPAQ DESKPRO 386/25 1-11 
diskette drive 8-5 
dual-mode monitor 12-3 
keyboard 5-4 
power suppl y 6-3 














speed control 2-117 
CPU - Adjustable 2-8,4-32 
CPU - AUTO 2-8, 4-32 
CPU - COMMON 2-8, 4-32 
CPU - FAST 2-8, 4-32 
CPU - HIGH 2-8, 4-32 

stack segment overflow 4-139 

stack write operation 4-22 

status register 
bits 2-61 
Byte QOAh 2-90 
Byte OBh 2-90 
Byte OCh 2-91 
Byte ODh 2-91 


Status (1F7h, Read Only), 


switch settings 


memory configurations 3-11 
system board 2-101 
tape host adapter 10-37 
video display controller board 11-12 
Switch SW1l 2-117, 2-118 
Switch to 8 x 8 Character Cell 4-214 
Switch to 9 x 14 Character Cell 4-215 
SYS REQ Key Routine 4-93 
system 
bus arbitration 2-4/7 
clock circuits 2-11 
compatibility 2-83 ,2-84 
connectors 2-20,2-119 
function control 2-103 
interrupts 4-79 
memory boards 3-1,3-3,3-16 
ROMs 2-1,2-85 
speed control 4-31 ,4-42 
speed values 2-16 
timer 4-9 
timer counter registers 4-9 
timer interrupt 2-74 
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system board 
addresses 2-55 
block diagram 2-4 
cache memory system 2-12 
central processing unit 2-11 
connectors 2-119 
1/0 map 2-39 
programmable devices 2-52 


schematics 2-126 

switch (SW1) 2-127,4-63 
system bus 2-] 

arbitration 2-48 

8-/16-bit memory expansion bus 2-12 

32-bit memory expansion bus 2-12 
system configuration 


information 4-79 
table 4-105 


SY-TOS Tape Operating System 1-5 


T 

Tape Backup Header, 40-MB 

tape backup 10-11 

tape drive (see fixed disk drive backup) 

tape host adapter 10-31 
block diagram 10-32 


connector 10-37 


I/O Port Description 10-33 
schematics 10-40 


switch settings 10-37 
test DRIVE READY- 4-181 
text displays 11-24,12-4 
TIMCLK 2-11 
time-slice 4-25 
timeout 2-68,4-128 
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timer 
block diagram 2-7] 
interrupt 4-25 
routine 4-25 
system 2-14 

timing 4-9 
functions 4-31 
horizontal 11-30 
keyboard responses 5-29 
keyboard transmissions 5-7 
vertical 11-30 

toggle underlining on 

current display 4-149 

track 
format table 4-120 
ID information 4-174 
interleave table 4-174 


transferring I/0 devices to memory 2-61 
Translation Lookaside Buffer (TLB) 4-18 


transmit character 4-142 
transmitting characters 4-136 
type codes 4-103 
a 
unlatched address lines 2-34 
unlatched address signals 2-34 


USER PROGRAMS diskette 2-8, 4-38 
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verify sectors 4-107, 4-118 
VERR/VERW/LAR/LSL Instructions 4-2] 
vertical sync polarity 11-33 
vertical timing 11-31 
video 4-193 
interrupts 4-193 
mode parameters 4-216 
parameter table 4-216 
video BIOS extensions 4-214 
video display controller 4-192 
Video Display 
Controller registers 4-195 
address, standard 11-7 
character generator 11-8 
compatibility 12-4 
connectors 11-36 
data register, 6845 11-14 
display modes 11-23 
graphics displays 11-27 
index register, 6845 11-14 
jumpers 11-33,11-35 
monitors supported 11-29 
output signal waveforms 11-32 
schematics 11-42 
specifications 11-1 
text displays 11-24 
timing, video 12-5 
video functions 4-194 


ws 





video memory 11-17 
video memory address space 11-7 


video mode parameter table 4-216 
Virtual mode 2-83 


W 


watchdog timer 4-25 


Weitek coprocessor 1-11,2-11,2-20,2-84 
features 4-240 
initializing 4-240 
programming information 4-24 

wraparound 8038/7 


coprocessor operands 4-14 


write 
all mask bits 2-64 
attribute and character at 


cursor position 4-207 


buffer (E8h), Fixed Disk Drive 9-25 
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character at cursor position 4-20/ 


long 9-20 
pixel 4-209 
precompensation cylinder 4-191 
protected memory 4-41 
sectors 4-107 ,4-117 
sectors (30h or 31h), fixed 
disk drive 9-20 
Single mask bit 2-64 
string 4-213 
TTY 4-211 
writing to the screen memory 4-192 


wrong register size for 
String instructions 4-16 
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